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@ In the field of electronics, nothing stays 
new for very long. Since Pearl Harbor 
there has been a tremendous increase in 
Raytheon technical achievements and pro- 
duction techniques, keeping pace with the 
vast requirements of the military. Experi- 
ence gained in wartime assures the leader- 
ship of Raytheon in the new postwar era 
of electronics. 

Raytheon is proud of the trust. the 
Armed Forces have placed in its engi- 
neering and large-scale manufacturing 
abilities. This wartime experience doubly 
protects manufacturers of post-war radios 
and industrial electronic equipment. Let's 
win the war first! Then look to Raytheon 
for the best engineered and_ precision- 
made electronic tubes for all applications. 
Raytheon Production Corporation 


Newton, Massachusetts; Los Angeles, 


New York, Chicago, Atlanta 


Alf Four Raytheon Divisions Have Been 
Awarded Army-Navy “E''— Plus Stare 


for the New Era of Electronics 
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| NEW LETTER CONTEST 


for SERVICEMEN! 


ELEVEN Ist PRIZE WINNERS IN 5 MONTHS IN CONTEST No. 1! 


Yes sir, guys, the hundreds of letters received were so swell that double first prize winners 


had to be awarded each of the first four months and there were triple first prize winners the 
fifth and last month... 


SO-HERE WE GO AGAIN! 


Get in on this NEW letter contest—write and tell us your first hand experiences with all types 
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of Radio Communications equipment 
built by Hallicrafters including the 
famous SCR-299! 


RULES FOR 
THE CONTEST 


Hallicrafters will give $100.00 for 
the best letter received during each 
of the five months of April, May, 
June, July and August. (Deadline: 
Received by midnight, the last day 
of each month.)...For every serious 
letter received Hallicrafters will gene 
$1.00 so even if you do notswig, 

big prize your time will not beinvai. 
... Your letter will become the ptap- 
erty of Hallicrafters and they will 


have the right to reproduce it ina: 


Hallicrafters advertisement. Write as: 
many letters as you wish. V-mail let- 


ters will do... . Military regulations 
prohibit the publication of winners’ 
names and photos at present.. 
monthly winners will be notified im- 
mediately upon judging. 





BUY A WAR BOND TODAY! 


hallicrafters rapio 


THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
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and the message DOES get through! 


One of the first pieces of equipment landed on a newly established beachhead is the 
Army’s high powered, mobile SCR-299. In half-track or truck, this Hallicrafters-built 
GIANT OF MILITARY RADIO is a vital link in the chain of communications. Subject to the 
bombing and shelling of the enemy, the sturdy SCR-299 can really take it—and dishes 


it out by getting the message through to direct the fire of land, sea and air forces. 


BUY MORE BONDS! 


Vz hallicrafters ravio 


THE HALLICRAFTERS COMPANY, MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
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"GUTHMAN ... Leader in INDUCTRONICS” 


EDWIN |. GUTHMAN & CO. 


15 SOUTH THROOP STREET:CHICAGO 
PRECISION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT 
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ENGINEERS AND PHYSICISTS 

* In many large organizations employing physicists 
and engineers there is a degree of silent conflict between 
these two groups of workers. To some physicists an 
engineer is nothing more than a slightly over-educated 
mechanic, while some engineers think a physicist is 
simply an impractical visionary who can’t drive a nail 
straight. While it is true that, occasionally, a physicist 
will get up and deliver a lecture which is largely in- 
comprehensible to many engineers (and also, let it be 
said, to many physicists), it is likewise a fact that en- 
gineers could do a lot better in making a physicist’s 
dream walk, talk, or sit up and bark, if they would 
only make a little more effort to understand what the 
other fellow is talking about. 

This isn't too difficult. When a physicist sets up an 
equation, he employs units which are well established 
and consistent. He isn’t likely to mix units of one 
system with those of another. Not so with some en- 
gineers. With thirteen or more systems of units to 
select from, many of which they haven’t seen since 
they left school, they will occasionally dip daintily into 
this mathematical sm6rgasbord, picking from each unit 
system that which happens to please them most, often 
without telling anyone about it. Nor do they mind 
swapping units midstream in an equation. 

To help clarify this muddle, we are publishing in 
this issue an article and table of units which the engi- 
neer is most likely to need. It will aid in making his 
scientific language more intelligible to others. It isn’t 
complete; the author says that even among physicists 
there is no general agreement regarding the interpre- 
tation of some units. But it is a step toward bringing 
about a closer understanding between the two most im- 
portant groups in radio and electronics research—engi- 
neers and physicists. 


POCKET RADIOS 


* In planning for postwar radio receiver production 
it would seem that the need for smaller receivers has 
not received as much attention as it deserves. Granted 
that there will also be a considerable market for large 
console and table model receivers to replace those which 
have become out-moded, experience has shown thie in- 
troduction of smaller sets has almost invariably met 
with a degree of public acceptance far greater than was 
expected when production schedules were set up. This 
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was true when the original table-model receivers first 
appeared on the markét and again, during the depres- 
sion, when “cigar-box”’ midgets were first offered. 

More recently, when the “personal” radio was first 
produced, the same situation developed. Although 
many engineers felt that any receiver which-would cost 
about twenty dollars per kilowatt hour to, operate from 
such small batteries would not be acceptable to ,the 
public, the initial demand was far in excess*of the most 
optimistic estimates. ; 

To produce still smaller receivers will, of course, re- 
quire the co-operation of battery manufacturers, be- 
cause the larger percentage of space must be provided 
for batteries. Much has been done in making elec- 
tronic hearing-aid apparatus compact and light through 
careful battery design, but there is a definite need for 
smaller, lighter, and more efficient batteries. And 
special speakers and tubes, requiring lower battery 
power, will of course help. 


INDUSTRIAL ELECTRONIC EQUIPMENT 


* One of the greatest drawbacks to the wider adop- 
tion of industrial electronic apparatus is the failure of 
some present-day equipment of this type to come up to 
the performance standards of heavy engineering equip- 
ment. When an electronic instrument is installed in 
an industrial plant it is expected to give the same re- 
liable service as is obtained from motors and gen- 
erators. If even a minor defect develops,.such as a 
tube failure, the equipment is likely to be discarded as 
undependable. Although designers of such electronic 
units use the utmost care in specifying compogents of 
proven reliability, the tubes employed are usually types 
similar to those used in home receivers, where per- 
formance requirements are far less exacting. 

Often these tubes are operated under conditions for 
which they were not designed, and which tend to 
shorten their useful life. But even under the best con- 
ditions it would seem well worth while to employ tubes 
capable of the same reliable performance as is obtained 
from those used in telephone communication systems. 
Naturally, such tubes will cost a great deal more than 
present types to manufacture. But the resulting, in- 
crease in cost of the equipment is of liftle consequénce 
in such applications, where a tube failure may hold up 
a production line. » 
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YOU’LL WANT THIS VETERAN 
IN YOUR PEACETIME PRODUCT 


Formica laminated plastic is 30 years young, but 
a veteran with a long bright future before it helping 
you make better products for a better world. It 
passed the most rigid ‘“‘physical’’ when it entered 
the armed services. It is serving in every branch on 
land, sea and in the air. It went through all the 
hells on all the fronts as parts of vehicles, planes, 
tanks, ships and communications equipment. It is 
coming back to you laden with stripes. 


It has met the severest tests in the most gruelling 





wen ‘UU anp FORMICA 
ARE HONORABLY 


DISCHARGED 





combat to which men and materials have ever been 
subjected. 


It is light for its great strength, non absorbent, acid 
resistant, and has good dielectric properties, ma- 
chinability, and comes in many grades with special 
properties. Why not investigate its applicability to 
your post war product now. 


“The Formica Story" is a moving picture in color 
showing the qualities of Formica, how it is made, 
how it is used. Available for meetings of engineers 
and executives. 


THE FORMICA INSULATION COMPANY, 4670 SPRING GROVE AVENUE, CINCINNATI 32, OHIO 
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AUDIO-FREQUENCY MIXERS 


* The design of audio-frequency mix- 
ers is described in an article by M. F. 
Cooper in the Wireless Engineer for 
March, 1944. Mixing circuits as used 
in broadcast and recording studios are 
not as easily designed as commonly be- 
lieved. A good mixer unit must not 
introduce any distortion, must have 
little effect on the devices coupled to 
it, must have a reasonably constant 
input and output impedance regardless 
of the setting of the controls, must cor- 
rectly match the impedances of the in- 
coming lines, the settings of the, con- 
trols must have no effect on each other 
and the device must have minimum in- 
sertion loss. 

It is explained in the article how 
the faders can be neglected at first 
when designing the mixer; later, they 
can be inserted merely as volume con- 
trols. 

Like all other electrical devices, the 
incoming lines can be connected in 
parallel, in series or in series-parallel. 



































B B 
A A 
=> 
: -] 3° 
B 8 T 
A A 
Figure 1 


When they are connected in parallel 
as in Fig. 1, a compensating resistor 
B is needed. Here A represents the 
output impedance of the device feed- 
ing the mixer and C is the input im- 
pedance of the following amplifier or 
line. In accordance with the principles 
of impedance matching, the impedance 
of the mixer, as seen from any of the 
input lines should equal A and the im- 
pedance of the mixer when looking 
back from the output line must equal 
C. If there are m input circuits in 
[Continued on page 8] 
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When contracts, new specs, pilot runs and 
general production troubles pile up — the 
skeleton in your closet may well become 
your “harnesses.” That’s where we shine — 
because the Wallace Organization is made 
up of skilled radio craftsmen that take 
harness and cable jobs in stride. 


Our wartime work includes crystals, oscilla- 
tors, cables, harnesses, both radio and ra- 
dar. We'd like to give you a hand 
today, when speed means cap- 
tured enemy territory or tomorrow 
when it means captured markets. 


Phone Peru, 151 


General Offices: PERU, INDIANA 
Cable Assembly Division: ROCHESTER, INDIANA 
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[Continued from page 7| 
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parallel, the relations between A, B 


and C are: 
n 
{1 = ————- B 
n— | 
n(n—1) 
|: — 
2n — 1 
n* 
{ = —————_-C 
2n — 1 


If the mixers are connected in series, 
Fig. 2, the compensating resistors are 
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One call to Allied . . . and your pro- 
curement job is done! There’s no lost 
time — no waste motion. Today’s 
largest and most complete stocks are 
concentrated here under one roof... 
Over 10,000 electronic and radio 
items . . . ready for rush delivery to 
the Armed Forces, Government, In- 
dustry and Research Laboratories. 
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, : Figure 2 
What’s-emore . . . close contact with 


all leading manufacturers enables us 
to simplify and speed procurement 
of many diversified needs. You deal 


in parallel with the incoming lines and 
the relations between A, B and C are: 


. , n—1 
with one source, instead of many. You J its ninameniaies 
send one order for everything. Whether FREE n 
you need one item ora hundred... -pygass Most a" 
save time and work .. . Call Allied Complete eet ca citeaines 
First. Thousands do. Helpful n 

Write, Wire, or Phone Haymarket 6800 BUYING n(n—1) 

: GUIDE ' 


ALLIED RADIO CORP. “11160 aang | oy 


833 W. JACKSON BLVD., DEPT. 14-E-4, CHICAGO 7, ILL. , : 
ae 7 In a series-parallel type of mixer, 

















lt = NEW Rapid R-F Resonance and Coil Winding Calculator Fig. 3,,.when n is the total number of 
BN} New, dual-purpose Calculator devised by Allied for fast input circuits, 
and accurate determination of resonance factors and n 
coil winding data. Simple, easy to use. Send for it now. , ere 
Bey S79PSS. PISS OSE, GOs cesccecccescsescccss - 25¢ a aes 
—nse ewnenmrenmrerwranrenr oe ew a= awe a= «== «a _——s nn? 
A=— (6 
OVER 10,000 ITEMS—such as: 4(2n—3) 
Tubes Transformers Microphones 4(2n—3) 
Condensers Relays Headphones C= ee 8 
Capacitors Switches Public Address n(n—3) 
Resistors Rectifiers Meters , 
Rheostats Wire & Cable Test Equip. When 4 and n are known, B and C 
— ; —— oo - are determined so that in no case can 
ockets peakers ower Supplies . i 
oe omer came. both A and C be chosen to suit con 
Batteries Training Kits Generators ditions. Therefore, C may turn opt 
Chargers Code Equip. Tools to be an inconvenient value and 
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but it does a MIGHTY job! 


This little Smooth Power motor weighs 
less than two pounds, but. it does some 
mighty important work. On many fronts, 
the vital job of maintaining communica- 
tions between our fighting forces is helped 
by this little motor. 

It comes from a long line of Smooth 


Power motors, that for years have been 


driving such mechanisms as tape recorders, : 


record changers, turntables, motion displays 
and such devices. Where smooth starting, 


quick pick-up and velvety running are prime 


ENERAL 
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requirements, you’re quite likely to find 
Smooth Power motors on the job. 

But, we know that many new peacetime 
products which are now on the drafting 
boards or in experimental changes will need 
small motors. We’d like to know more about 
these, to see if more work can’t be found 
for our Smooth Power motors in homes, 
commerce and industry. 

If you’re planning such products . . . or 
if you are thinking about other postwar 
developments involving comparatively small 
electrical or mechanical devices, perhaps 
we can help you. We’ve a plant that is com- 
pletely equipped for such work. While we’re 
busy right now on War demands, we like to 
think about keeping busy in the future... 
and we’d like to have you think about us, too. 


THE GENERAL INDUSTRIES COMPANY 
Elyria Ohio 

























































OU don’t need tools to replace the 
lamp in this new Drake No. 85 
Jewel Light Assembly. For the jewel 
holder or bezel can be removed and re- 
placed with the fingers. A simple locking 
device makes the unit vibration and shock- 
proof. 3 fibre washers compensate for va- 
rious panel thicknesses. Washers can be 
eliminated on 1/4,” panels, thereby making 
the lamp as accessible as when the unit is 
used on 1/16” panels. 

Other big features are: 1. Complete, 
uniform illumination over the entire jewel 
area; 2. Complete blackout, not a pin- 
point of light showing. A simple, easy 
quarter turn to left and right produces 
these changes. Get our new free catalog. 


PILOT LIGHT ASSEMBLIES 


DRAKE MANUFACTURING CO. 


1713 WEST HUBBARD ST., CHICAGO 22, W@.5.A. 
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Because every DX Isoso-loop is tailored 
to fit your circuit and because each design 
is chosen for its highest “Q”’’; we'd like to 


help you with your receiver plans. Our 


ss 


present work concerns new standards: of 
precision in making more and more DX 


Xtals for our armed forces. 


x 


DX CRYSTAL CO. 
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tapered pads or matching transformers 
will then be needed. 

If high-impedance lines are required 
to match a lower impedance line, the 
parallel connection should be used, [If 
it is required to match several low. 
impedance lines to a higher impedance 
line, the series connections is most 
suitable. The series-parallel arrange. 


























B B B 
+ 
cS 
A A A = 
= 
Figure 3 


ment is best adapted to matching input 
and output lines, all of the same im 
pedance. 

The article contains a table for each 
type of circuit in which either A or C 
is unity, so as to give the ratios be 
tween A, B and C for different values 
of n. 

The insertion loss of the mixer, hav- 
ing input circuits, is 

10 logio (2n — 1) db 


UNDESIRED FM IN 

SIGNAL GENERATORS 

* The Wireless Engineer for March, 
1944 contains a “Note on Frequency 
Modulation with Particular Reference 
to Standard Signal Generators” by F. 
M. Colebrook. This note deals with 
the undesired frequency modulation 
which may accompany amplitude mod: 
ulation in ultra-high-frequency signal 
generators. The author first re-states 
some of the principles of FM and 
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Figure 4 


shows that in a frequency-modulated 
wave of large modulation index, the 
energy is spread out over a large part 
of the spectrum. The different side 
bands are separated by the value of 
the modulating frequency and _ theif 
amplitudes vary. In Fig. 4 only a few 
[Continued on page 12} 
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INDIVIDUALLY 
DESIGNED 


For years Johnson has specialized in individually designed 
components for radio transmitting equipment. Pictured on 
this page is a gas filled pressure variable condenser with 
Mycalex insulated flexible coupling, a coupling inductor, 
a broadcast station phasing unit for a directional antenna 
system, a broadcast station tower coupling unit, and a 
switching relay capable of carrying heavy currents, and 
requiring no holding current to maintain contact. 


These are: typical of the thousands of Johnson-designed 
units that are in service all over the world. Some of them 
are adaptations of a standard design and others are 
engineered from the beginning for a particular application. 
Johnson Engineers like performance specifications. If you 
have a radio problem, write for the Johnson solution. We 
believe you will like it, and there is no obligation. 
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Write for the NEW 
Johnson Catalog 
968 K 


a famous name in Radio 
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The DI-ACRO Bender 
makes perfectly centered 
eyes from rod or strip stock 
at high hourly production 
rates. Both eyes and cen- 
tering bend are formed 
with one operation. Any size eye 
may be formed within capacity of 
bender and ductile limits of ma- 


terial. 






DI-ACRO 
Bender No. 2 
Forming radius 
6" approx. Capa- 
city 49” round 
cold rolled steel 
bar, formed cold 
to 1” radius. Also 
Bender No. 3, 
with forming ra- 
dius 9” approx. 
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Products of 
*“MERIT”’ 


means 


... PARTS manufactured ex- 
actly to the most precise 
specifications. 


Long manufacturers of com- 
ponent radio.parts, MERIT 
entered the war program as 
a complete, co-ordinated 
manufacturing unit of skilled 
radio engineers, experienced 
precision workmen and 
skilled operators with the 
most modern equipment. 


MERIT quickly established 
its ability to understand 
difficult requirements, quote 
intelligently and produce in 
quantity to the most exact- 
ing specifications. 


Transformers—Coils—Re- 
actors—Electrical Windings 
of All Types for the Radio 
and Radar Trade and other 
Electronic Applications. 
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With DI-ACRO Benders 


DI-ACRO Precision 
Bending is accurate to 
.001” for duplicated 
parts. DI-ACRO Benders 
bend angle, channel, rod, 
tubing, wire moulding, 
Strip stock, etc. Machines 
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e easily adjustable for 
Simple, compound and 
reverse bends of ‘varying 
radii. 


Send for CATALOG 
“DIE-LESS” DUPLICAT- 
ING showing many kinds 
of “dieless” duplicating 
sroduced with DI-ARCO 

nders, Brakes and Shears, 













DI-ACRO Bender 
No. ¥ 
Forming radius 2° 
approx. Capacity 
gy” round cold 
rolled steel bar or 
equivalent. 


“DIE-LEss” 
DUPLICATING | 
The DI-acr Syetemes 


‘0 
METAL OUPLICATING 
Without Oies 





346 EIGHTH AVENUE SOUTH ¢ MINNEAPOLIS 15, MINN. 





MERIT COIL & TRANSFORMER CORP. 


311 North Desplaines St. 


12 


CHICAGO 6, ILL. 
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[Continued from page 10] 
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of these sidebands are shown, the curve 
indicating their average amplitude over 
the spectrum. When amplitude mody. 
lation is present at the same time as 
frequency modulation, the distribution 
of energy curve then becomes nop. 
symmetrical as in Fig. 5. 

In ultra - high-frequency oscillators 
the combination of FM and AM js 
likely to occur due to the change in 
inter-electrode capacitances of tubes 
with the electrode potentials. In such 
cases it can easily happen that the FM 
completely overshadows the AM 
effects. The FM can then not be re- 
garded as an imperfection which can 
be allowed for; the FM must be elimi- 
nated. The author suggests M.O.P.A. 
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Figure 5 
circuits Or a square-wave modulation 
caused by some form of audio-fre- 
quency “on-and-off” switching. 


NEW OAK CATALOG 


* The Oak Manufacturing Co., 1260 
Clybourn Ave., Chicago 10, Ill. has just 
announced a new catalog containing 
valuable engineering data sheets on 
switches, condensers, vibrators, me- 
chanical tuners and relays. Engineers 
and manufacturers may obtain copies 
upon request to the manufacturer. 


MICROPHONES AND RECEIVERS 


* Electrical Communication, Vol. 21, 
No. 4, 1944, contains an article by L. 
C. Pocock entitled “Microphones and 
Receivers with Special Reference to 
Speech Communication.” It discusses 
the sensitivity, frequency characteris- 
tics and distortion of electro-acoustic 
transducers and should be of interest 
to engineers in the communication 
field. 

For example, in speaking of the sen- 
sitivity ratings of microphones, the 
author says it is often asked how many 
volts output a given microphone will 
deliver and how many volts a repro- 
ducer will require. He then goes on 
to describe the difficulty involved, 
speech being of such a complex na- 
ture which constantly varies in fre- 
quency content and amplitude. 

The average voltmeter connected im 
a speech circuit has little meaning. 
The volume indicator has its damping 
and period adjusted for speech meas- 
urement; its reading corresponds well 

[Continued on page 16] 


1944 * 











)-fre- 


1260 
; just 
ining 
S$ on 

me- 
1eers 
pies 


& 
yL 
and 
e to 
sses 
ris. 
istic 
rest 
tion 


sen- 
the 
any 
will 
Tr 0- 

on 
ved, 
na- 
re- 


| in 
ng. 
ing 
as- 
yell 











ehind the front, at the front — yes, and 
ie ahead of the front lines, they are laying 


wire, directing artillery fire, spotting 
enemy movements and putting their superb tech- 
nical training into practice with calmness and 
efficiency in the thick of battle. They don’t get as 
many headlines as they deserve, but they rate and 
get the thanks of every soldier, from General to 
buck private. 

Many of our own men, now in the service, 
have been assigned to Signal Corps duty, and are 
frequently using the very equipment they once 
helped to build. Their experience in our plant is 
being put to good use at fighting fronts all around 


WHERE THE GOING IS TOUGHEST is where 


the men of the U. S. Signal Corps do business 








the world. Signal Corps training will in turn 
make them all the more valuable to us when 
they return. Thus, important forward strides in 
communications engineered by the Signal Corps, 
manufactured by the communications industry, 
and put to the acid test by superbly trained 
technicians will be available to serve you in the 


postwar world. 


CONNECTICUT TELEPHONE & ELECTRIC DIVISION, 


Great American Industries, Inc. 
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Turner 
HAN-D 


Hang :t, hold it, mount 
it on desk or floor stand 
— it's truly a handy 
mike! 

When you need crisp, clear reproduction of any sound, turn 
to a Turner Microphone. These instruments are scientifically engi- 
neered to reproduce faithfully all gradations of volume, amplify- 
ing only the vibrations received by the diaphragm, without 
adding any of the harmonics. From the faintest whisper to the 
loudest train whistle, a Turner Microphone will reproduce pre- 


cisely without distortion or blasting. 


For indoor or outdoor use, under all climatic and acoustic 








conditions, you can be sure of intelligible transmissions when 
you specify and use a Turner. For broadcasting studios, vital war 
communications in war plants, airdromes, ordnance plants, docks, 
army camps, police transmitters and other highly sensitive spots 
where accuracy is of supreme importance, you'll be grateful for 


a Turner. 


Whatever you have to say — whatever sound you 
want to transmit, be sure of superb performance 
with a unit that's rugged and dependable — a unit 
you'll be proud to have seen in your possession. 


It's time to turn to TURNER. 


Crystals licensed under patents of The Brush Development Co. 


TURNER 


% . G ‘ ‘ af 
Turner ° Frioncers tn the meesetcoatios SL LA 
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THERE’S A JOB FOR 


| Relays wv GUARDIAN 


In the electronic circuit there is usually a sensitive relay similar 
to Guardian Series 5, to control a heavier current in response to 
the weaker “signal” of the phototube. In some applications, 
however, the current to be handled may be greater than the 
contact capacity of the sensitive relay. In this case a power 
relay or solenoid contactor is controlled by the sensitive relay. 
Guardian series SC-5 is typical of this type of contactor. 

Consult Guardian wherever a tube is used—however—Relays by 


Guardian are NOT limited to tube applications but may be used wher- 
ever automatic control is desired for making, breaking, or changing 


the characteristics of electrical circuits. 


GUARDIAN 


1605-F w. WALNUT STREET 








wherever a tube is used... 


SERIES 5 D.C. RELAY. Maximum switch 
capacity—two normally open, two nor- 
mally closed, or DPDT contacts. Resistance 
range .O1 up to 15,000 ohms. Send for 
bulletin 14. 





SERIES SC-5 SOLENOID CONTACTOR. 
Contacts rated at 75 amps. continuous, 
300 amps. surge. Contact combination— 
single pole single or double throw. Coil 
operates on 18-28 volts D.C. and con- 
sumes 7 watts at 24 volts D.C. continuous. 
Send for bulletin SC-5. 





ELECTRIC 


CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY 
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with more elaborate measurements g 
the average speech power. Anothes 
instrument is the peak indicator; jg 
damping has been adjusted so it 
move up quickly but déwn slowly. Ag 
instrument to measure the total energy 
during a period of time is also d 
scribed. It consists in using the elegs 
trical power delivered by the miegg 
phone to heat a cathode of a tube and 
to measure the plate current. Thig 
cathode has to be biased, or pre-heateds 
to bring it to the threshold of sensis 
tivity. 

The results are given for some mis 
crophones for normal conversational 
speech, which would give a reading! 
of + 64 db on a noise-level meter af 
50 inches. For instance, the electrical} 
average speech power of one particulars 
moving ‘coil microphone at 2 inches) 
was — 60.3 db (below 1 mw. in 600 
ohms) as measured with the inte- 
grating meter. When speaking 12 
inches from the microphone, the out- 
put was —75.3 db. The readings of] 
the customary volume indicator for 
these two conditions were — 56.6 and 
—73.0 db respectively. . 

The instantaneous peaks rise as) 
much as 20 db above the average level. 7 
A table is given showing the percent- 
age of the time that the instantaneous 
power exceeds different levels above) 
the average speech power. If the per-9 
missible amplifier grid-swing is 20 db 
above the average speech power rej 
quirements, this percentage is zero. It} 
is 18% when the permissible grid 
swing corresponds to the average? 
speech power. 


an 
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CATHODE FOLLOWER 
OUTPUT STAGE 
* The usefulness of the cathode fol- 
lower is apparently inexhaustible; 
now it is proposed as an output stage 
in an article by C. J. Mitchell in the 
Wireless World for April 1944. The 
advantages claimed are: less distor- 
tion due to the negative feed back and 
improved loudspeaker damping due to 
the low output impedance. 
if . ‘ne deli ne In the cathode follower, used as out- 
ae eemendien. che ammned Loan put stage, the output transformer 18 
Watch Cinaudagraph Speakers after Victory! j connected in the cathode lead instead 
‘d of in the plate lead. This will result 
in 100% negative feedback and the 
voltage gain of the stage will be 
slightly less than unity. Fig. 6 shows | 
the general arrangement and also illus- 7 
trates the effect of the inter-electrode 
capacitances. For all practical put 
[Continued on page 17) 
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W. A. PATTERSOW, President of United Air Lines 





*.2--YOU SAY VIBRATOR POWER SUPPLIES CAN 
INCREASE SAFETY AND COMFORT IN PLANES?” 


Mr. W. A. PATTERSON, President of United Air Lines, recently said — 
E-L STANDARD POWER SUPPLY 


“It is our belief that the war has advanced public acceptance of the airplane 
: : MODEL 307 

as a mode of transportation by 20 years. The airlines, like every other service 

that caters to the public, must anticipate their passengers’ expectations of new For the operation of standard 110 volt AC equip- 
ment, such as radios and small motors, from a G 
volt battery. Characteristics: Input voltage, 6 v. 
DC; Output voltage, 115 v. AC; Output power, 
100 watts: Output frequency, 60 cycles. 


facilities for greater comfort and safety. United will put in service new, huge 
44-50 passenger Mainliners offering comforts, conveniences and thoughtful 
appointments surpassing anything heretofore known, and flying from coast to 
coast in 11 hours with new devices to assure safe flight.” 
Dimensions: 7V¥2x8Y%x10% in. Weight: 23’ pounds. 
E-L is ready right now with Vibrator Power Supplies to bring passengers the greater 
comfort of fluorescent lighting as well as the convenience and safety of radio and 
radio-telephone. E-L Black Light equipment is available as a safety device for 
instrument panel illumination at night to eliminate blinding interior glare and to i 
provide clear, sharply defined instrument calibration. Engineered to specific space pt eae ed 


' } 
otner mode (A) 


and voltage requirements, Electronic Laboratories products are used wherever cur- 
xtensive 


rent must be changed in voltage, frequency or type. E-L engineers invite inquiries. 
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WOWWE LABORATORIES INC. 


tage INDIANAPOLES 
VIBRATOR POWER SUPPLIES FOR LIGHTING, COMMUNICATIONS, AND ELECTRIC MOTOR OPERATION + CLECTRIC, ELECTRONIC AND OTHER EQUIPMENT 
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poses, the grid-plate capacitance is in 
parallel with the input circuit while the 
grid-cathode capacity is in parallel 
with but a small part of the input. The 
éffect of the grid-cathode capacitance 
can usually be neglected. 

The output impedance, the im- 
pedance looking back from the speaker, 
is approximately equal to the inverse 
of the transconductance in mhos. Thus 
a tube with a transconductance of 5000 
micromhos would offer an output im- 
pedance of 200 ohms. The value of 
the load impedance of the tube has 
little effect on this output impedance. 










cee 


cn 


EVERY WAR py 
Hoqon ant RPOSE NOW... 


sl staal 





As an example the author describes 
a circuit wherein he used a Mazda 
AC2 pentode connected as a triode. 
The input to the cathode follower is 
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FILTER CONDENSER 
OF POWER PACK 














Figure 6 


by means of an interstage transformer. 
This is necessary due to the fact that 
the input voltage must be larger than 


the output voltage, and is of the order 
; , TRANSMITTING RECEIVING 

of about 200 volts peak. Unless very TUBES — TUBES 

high plate voltages are used this can- CATHODE RAY INCANDESCENT 
\ not be obtained from the usual re- TUBES EXECUTIVE OFFriIceEs LAMPS 

sistance - capacity coupled amplifier. SPECIAL OWENSBORO: KENTUCKY FLUORESCENT 

TI ; :; PURPOSE TUBES LAMPS 

ne grid return of the input trans- EXPORTS i8 MOORE STREET NEW YORK 








former to the cathode follower is con- 
nected to a point on the voltage di- 
vider, making the grid positive with 
respect to chassis but negative with re- 
spect to the cathode by its customary 
amount. In some cases it may be pos- 
sible to do away with this positive bias, 
and in some cases a small negative 
bias is needed. One should adjust for 
normal plate current of the tube. 
Contrary to expectations, the tube 
requires the same load impedance as 
it does under normal operating condi- 
tions. The tube characteristics are still 
the same and the tube still requires 


s DELIVERIES 7 
a load impedance of 5000 ohms in the a on most types CONTINENTAL ELECTRIC COMPAN 
example cited. r : Giancaseous matt een HLL. ; Zuree 
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T.. relationship between pachyderms and JENSEN speakers is, of course, 
. It will take another hundred thirty-five years or so to determine positively 
“whether JENSEN speakers actually have the ruggedness and the longevity of 
an elephant, but we do know of many JENSEN speakers in use fifteen yeo 
more that still are operating more than adequately. JENSEN engineers have 


MAY, 1944 * 












V. J. YOUNG 


Engineer, 
Sperry Gyroscope Company 


Factors involved in the determina- 
tion of wave guide impedance, 
calculating impedance from field 
strength measurements, cut-off 
frequency, and other considera- 
tions are discussed 


HEN we desire to specify the op- 

eration of any electrical device 

such as a wave-guide assembly, we 
are confronted with making a choice 
among several’ procedures. For ex- 
ample, we might set out to describe 
the motion of charge in the system un- 
der all conditions of operation, or we 
might try to write expressions showing 
how the electric and magnetic fields 
will vary. Either of these, if done 
completely, would be an accurate speci- 
fication and one which would cover all 
contingencies. The charge and current 
approach is the one usually used at 
audio frequencies or with direct cur- 
rents. The discussion of electric and 
magnetic fields is apt to be more useful 
with microwaves. 

Actually, we may always quote Max- 
well’s equations as telling us how any 
Wave-guide apparatus will work since 
these expressions, themselves, are a 
very general way of stating all the re- 
quirements for any electrical appa- 
ratus. For a given set, however, this 
is hardly fair. Instead, it is necessary 
to put physical facts into the equations 
as boundary conditions and perform 
integrations so as to obtain algebraic 
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ELECTRIC FIELD 





WAVE GUIDE IMPEDANCE 


& 





MAGNETIC FIELD 


Fig. 1. Methods of measuring electric and magnetic fields for a rectangular 
wave guide operating in the TE,,. mode, The magnetic field links the loop 
while the electric field sets up a voltage along the length of a probe 


relations connecting the electric and 
magnetic fields with physical proper- 
ties of the wave guide. In general, this 
is not always practicable. Therefore, 
we usually try only to get values of 
quantities such as E/H, where E rep- 
resents the electric field and H the 
magnetic field. In certain cases we 
may be able to compute E/H values 
directly by reasoning which starts from 
fundamentals; more often calculations 
which try to forecast the operation of 
a certain wave-guide assembly have 
to be based upon idealized conditions 
and are only expected to approximate 
actual results. Very frequently, too, 
the process of design is entirely’ em- 
pirical; charts and graphical construc- 
tions are made to show that a dia- 
phragm or a slot with certain dimen- 
sions will cause a certain reactance 
when placed at certain positions, etc. 


Limitations 

A discussion of wave- guide im- 
pedance must start off with a warning 
that its calculation or measurement is 
not alone the whole story. It does not, 
for example, tell us anything about 
the dielectric breakdown strength 
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which can limit the flow of power 
through the device, nor need it de- 
scribe dissipative losses or radiation 
elsewhere in the circuit. It tells the 
ratio of the electric to the magnetic 
field at a certain point in the wave- 
guide, and nothing more. That we are 
able to make good use of the concept 
in making generalizations concerning 
the matching of elements and the pro- 
curement of the optimum operation of 
an over-all system is a matter for in- 
vestigation quite apart from the -defi- 
nition. If the actual values of the elec- 
tric and magnetic fields are known 
everywhere in a system at all times, 
the operation is entirely known; if only 
the impedance (i.e., the ratio of the 
field magnitudes) is known, consider- 
ably less information is at hand. But 
it happens that this ratio information 
is very useful and quite analogous to 
the concept of impedance as used in 
wired transmission lines as well as be- 
ing, in general, much easier to com- 
pute or measure. 

If the impedance of a certain wave 
guide terminated with a load (such as 
an antenna) is desired, the values of 
E and H at the entrance end might be 
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CAPACITIVE 








Fig. 2, Vector representation of impedance 


measured as a function of time. Both 
would presumably be found to vary as 
approximately pure sine functions of 
time. If they did not, it would mean 
that more than one frequency was be- 
ing fed into the assembly and _ that 
more than one mode of the guide 
was being excited. Separate calcula- 
tions would then need to be made for 
each mode. Wave-guide impedance is 
no more independent of frequency than 
is impedance in the usual sense al- 
though, since a given design is usually 
intended for only a single frequency, 
or at least a fairly narrow band of 
frequencies, this does not usually con- 
cern us very much. 

Just as in the case of ordinary wired 
circuits, wave-guide impedance usually 
implies more than just the ratio of 





Fig. 3. Representation of imped- 
ance by use of complex numbers 
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two numbers representing the peak, 
average, or rms values of the sinu- 
soidally varying fields. The impedance 
may, as a special case, be pure resis- 
tance or it may be reactive in a way 
corresponding either to capacitive or 
to inductive preponderance. What this 
means in terms of a wave guide may 
be strictly stated somewhat as follows: 


Field-Strength Measurement 

If at a particular point in a wave- 
guide a small loop is inserted so that 
a portion of the magnetic field in the 
guide links the loop but is only neg- 
ligibly disturbed by its presence then, 
as the energy being transported by the 
wave guide flows past the loop the link- 
age varies and a current tends to flow 
in the loop (Fig. 1). This current is a 
measure of the magnetic field and may 
be rectified to read the average 
strength of the field. If it were feas- 
ible to read the strength of the field 
directly without detection it would be 
found to vary with time as a sine func- 
tion. That is, if time were marked 
along the s-axis of a Cartesian co- 
ordinate system and the values of the 
magnetic field at the loop were plotted 
along that axis but wtih y-coordinates 
determined by the field strength in ac- 
cordance with a suitable scale on the 
ordinate, a sine curve would result. 
Positive values of the sine curve might 
correspond arbitrarily to magnetic flux 
passing in one direction through the 
loop and negative values to flux pass- 
ing through in the other direction. Al- 
though it is not generally feasible to 
make measurements directly for such 
a plot, average value measurements can 
be made which indirectly confirm the 
result. 

Similarly, a small probe can be in- 
serted into the wave guide at the same 
place along its length as the loop just 
referred to. This probe, which is in- 
sulated from the guide, can be intro- 
duced in such a fashion that its length 
extends along the electric field and its 
exterior end may continue as the cen- 
ter conductor of a coaxial line whose 
outer shield is attached to the wave 
guide (Fig. 1). Even though the probe 
is small and extends only a short dis- 
stance into the guide so as not to ap- 
preciably influence the operation of the 
guide, it will still be subject along its 
length to a varying electric gradient 
as electromagnetic waves carry energy 
past it along the guide. This will mani- 
fest itself as a very small flow of en- 
ergy along the coaxial line in which the 
probe is terminated. With a proper 
arrangement this extracted energy may 
be measured and since it was induced 
into the test probe by the electric field, 
it is a measure of that field. Thus we 
may also think of plotting the electric 
field against time in Cartesian coordi- 
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nates and, when that is done, a sing 


curve again results. 


Nature of Wave-Guide Impedance 

With these two sine curves in mind 
we are then ready to define explicitly 
the impedance of the wave-guide sys. 
tem at the point where our probe and 
loop were located. If, in proper units, 
the magnitude of the E field were 50 
times greater than that of the H field, 
the impedance is 50 ohms. If. the 
maxima of the two fields occur at the 
same instant of time, then that % 
ohms is pure resistive impedance. If 
the sine curve representing 7 is ahead 
of the E curve by an amount equal to 
a quarter period of the sine wave, 
the impedance is said to be pure capa- 
citance; if H lags EL by a quarter 
period, the impedance is pure induc- 
tance. All of this is very much like 
our concept of impedance as applied 
to ordinary circuits where only volt- 
age and current are dealt with. Like- 
wise, in a wave guide, pure resistance 
or reactance are limiting cases; actual 
measurements may show an intermedi- 
ate phase shift between the two sine 
curves. 

As in ordinary circuit theory, it is 
convenient to represent impedance as 
a vector. To do so some arbitrary 
direction such as horizontally and to 
the right is chosen to represent resis- 
tance; then a vector pointing vertically 
upward might be assigned the mean- 
ing of a pure inductance and one di- 
rected vertically downward that of a 
capacitance. Vectors drawn at inter- 
mediate angles represent a mixture of 
resistance and reactance. The length 
of the vector will, in all cases, repre- 
sent the magnitude of the impedance. 
Thus, a 50-ohm impedance would be a 
vector drawn 50 units long according 
to some scale and would point to the 
right and somewhat upward or down- 
ward, depending upon the reactive 
components (Fig. 2). 

Again, as in ordinary circuit theory, 
a very compact and convenient way to 
specify impedance so as to show phase 
as well as magnitude is made available 
by the use of complex numbers. The 
scheme depends upon the fact that if 
we arbitrarily agree to always draw 
our impedance vectors in a Cartesian 
coordinate system with their tails at 
the origin, then a single point in that 
system may completely specify an im- 
pedance. In terms of complex notation 
such a point is written as A + iB, 
where A is the x-coordinate and B 1s 
the y-coordinate of the head of the de- 
sired impedance vector. In Fig. 3 the 
impedances represented would, reading 
clockwise, be respectively denoted by 


*Reactive Phase in Guides; 


Ranpio, April, 1944. 


1944 * 


Wave 





con 


J 
yr. 





a Sine 


ance 


| mind 
icitly 
€ sys. 
e and 
units, 
re 50 
“field, 
f the 
at the 
at 50 
ec. Ag 
ahead 
tal to 
wave, 
Capa- 
larter 
nduc- 
| like 
plied 
volt- 
Like- 
tance 
Cctual 
nedi- 
sine 


rary 
d to 
eSIS- 
cally 
ean- 
- di- 
rf a 
Iter- 
e of 
igth 
pre- 
nce, 
ea 
ling 
the 
wn- 
tive 


ry, 
’ to 
ase 
ble 
The 

if 
aw 


lan 


nat 
m- 
on 
'B, 

is 
he 


ng 
by 





complex members, as 50i, 30 + 401, 50, 
40 — 301, and —50i. All these vectors 
are 50 units long and, hence, represent 
impedances whose magnitudes are all 
50 ohms. 


Selecting a Unit System 


As has been pointed out, if we de- 
sire to have impedance values as de- 
fned for E and H come out in ohms 
so as to correspond that much more 
closely to impedance in wired circuits, 
it is necessary that proper units be 
chosen for the measurement of each 
field. One proper set of units is auto- 
matically obtained if the MKS (meter, 
kilogram, second, or Giorgi system 
of units is used. In that system E is 
measured in volts per meter and H in 
amperes per meter. Thus: 

Impedance = E/H = (volts/meters) / 

(amperes/meters ) 

= volt meters/ampere 

meters = volts/amperes 

which we can sce immediately from 

Ohm’s Law to be the correct form to 

give impedance the dimension of ohms. 

Thus, the impedance of free space may 

be said to be 376.6 ohms. This means 

that out in space after electromagnetic 

energy has left the antenna, the elec- 

tric field is always 376.6 times greater 

than the magnetic field if both are 
measured in Giorgi units. 

Without carefully considering the 
properties of the medium, which are 
usually expressed by permeability and 
dielectric constant, we can nevertheless 
see that these are reasonable units for 
E and H and that they can measure 
what we want them to. Electric field is 
the sort of thing that occurs between 
the plates of a condenser. If the plates 
are 100 volts different in potential 
then, even though no material (1.¢., a 
perfect vacuum) exists between the 
plates, we find it convenient to speak 
of the electric field there. This is so 
because if we insert a probe in that 
space, energy can be extracted under 
certain conditions. The electric field 
which we imagine to be present in the 
absence of all matter is just a measure 
of the way the 100-volt drop between 
the plates is divided up throughout the 
space. Volts per meter is a reasonable 
unit for measuring such a thing. 

Similarly, if a charge ig moving in 
free space or, according to Maxwell’s 
equations, if the electric field is chang- 
ing, a magnetic field is formed. Again 
we.find it convenient to speak of the 
presence of this field even in a vacuum 
because whenever a magnet is inserted 
in the space it will usually be subject 
to a torque which will try to align it 
with the field. Presumably, the field in 
any region can always be simulated by 
allowing a given current to flow 
through a given length of wire prop- 
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erly located in that region. Hence it 
is reasonable to measure magnetic 
fields in terms of amperes per meter. 


Orientation of Fields 

The first problem in calculating the 
impedance of a geometric array of 
conductors which may form a wave- 
guide is to decide how the electric and 
magnetic fields will be oriented in that 
array. In doing this we are really con- 
sidering various modes of energy 
propagation. That is, depending upon 
the feed into the guide and the source 
frequency, it often turns out that a 








the tangential component of E is con- 
tinuous; (2) the normal component of 
B is continuous, where B is defined as 
the product of H and the permeability 
of the material in which the measure- 
ment is made at the time of making 
the measurement; (3) the tangential 
component of H is discontinuous by 
an amount equal to the current per 
unit area flowing in the boundary sur- 


face; and (4) the normal component 
of D, which is defined as the product 
of E and the dielectric constant, is dis- 
continuous by an amount equal to the 
charge per unit area on the surface of 





Fig. 4. End view of circular wave guide excited in certain 
modes. The force lines shown the direction ot the electric field 


given wave-guide assembly will trans- 
port energy with the E and H fields 
oriented in accordance with two or 
more schemes (Fig. 4). We then say 
that propagation in two or more modes 
is possible. Certain rules? may be de- 
duced from Maxwell’s equations which 
can guide us in deciding what these 
modes are by telling us of certain 
necessary conditions which must obtain 
on the inner surfaces of the wave 
guide. We will first consider these 
rules in their most general form. 


The rules are valid at any surface 
of discontinuity of the medium such as 
at the surface of a conductor or at a 
plane which is the boundary between 
two kinds of dielectric. They are: (1) 
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discontinuity. These rules, together 
with a sufficient knowledge of the 
geometry and properties of the mate- 
rials plus a knowledge of the radiation 
properties of any holes in the assembly, 
are in principle enough to decide the 
validity of any propagation mode aside 
from the attenuation characteristic of 
its operation. But there is still in an 
actual wave guide the problem of con- 
structing possible modes to be tested 
by the rules. This part of the job is 
an art, and only experiments with a 
given arrangement can prove whether 
or not unwanted modes will occur at 
given frequencies. Spurious modes 





* Maxwell’s Equations in Electromagnetic 
Reflection; Rapro, Oct. 1943. 
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which are generated somewhere along 
a wave-guide transmission line can 
cause serious losses of power because 
elsewhere the line is not designed to 
pass them and they are attenuated out 
by causing excessive currents to flow 
and the power to go into heat through 
I?R losses. 


Field-Free Conditions 


Very often wave guides are made 
only of highly conductive metals and 
use only air as a dielectric. In this 
case the only surface of discontinuity 
is that between air and the metal, 
which very closely approximates a sur- 
face between a vacuum and a per- 
fectly conducting material. A vacuum 
has a dielectric constant and a per- 
meability which are constant and well 
known. In the Giorgi system of units 
the permeability of a vacuum is 
4x X 10 henrys per meter, and the 
dielectric constant is 8.85 & 10°? far- 
ads per meter. A perfectly conducting 
metal is a medium which can support 
no electric or changing magnetic fields 
except perhaps on its surface. That 
the interior of such a metal is field- 
free is clear from Lenz’s law which 
states that whenever a magnetic field 
changes, currents are induced in neigh- 
boring conductors which oppose that 
change in the field. Since the metal 
is resistance-free, these currents com* 
pletely cancel any change in the field. 
Steady magnetic fields, such as might 
arise from permanent magnets, are of 
no concern to us. Likewise, it is clear 
that no electric field can exist in a 
perfect conductor since, by Ohm’s law, 
that would demand infinite current. 

Thus, in special cases where only 
vacuum and perfect conductors are 
present, the boundary condition rules 
for constructing propagation modes 
may be specialized and written some- 
what as follows: (1) the tangential 
component of E is zero; (2) the nor- 
mal components of B and H are zero; 
(3) the tangential component of H is 
equal to the current per unit area flow- 
ing in the boundary surface; and (4) 
the normal component of E is equal to 
the charge per unit area on the surface 
of discontinuity divided by 8.85 & 10-12. 
Taken together, these say qualitatively 
that E lines of force may start and 
end at the metal surfaces and are per- 
pendicular to them. Likewise, magnetic 
lines of force do not start or stop on 
the surfaces and, in general, touch the 
surfaces only as tangents. 

In Fig. 5, a section of a rectangular 


wave guide is represented as operating 


in an acceptable mode. In the end, top, 
and side views the electric and mag- 
) netic fields are shown by lines of force. 


These lines indicate the strength of the 
field by their spacing and, in accord- 
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Fig. 5. Unity SWR transmission in a rectangular wave guide by the TE:,. mode. 
Solid curves show the electric field; broken ones plot the magnetic field 


ance with the arrows, they show the 
field direction at every point through 
which they pass. The mode shown is 
one commonly used and is_ usually 
called the TE, mode. The letters TE 
refer to the fact that the electric field 
runs only transversely across the nar- 
row dimension of the wave guide, 
while the magnetic field extends across 
the wider dimension and has a longi- 
tudinal component as well. The sub- 
scripts 1,0 indicate that in going across 
the wide dimension, one maximum in 
the electric field strength will be ob- 
served, while in moving. across the 
guide in the narrow direction, the mag- 
netic field is found to be constant and 
without maximums or minimums. It 
will be observed that this TE, , mode 
qualitatively satisfies the boundary con- 
ditions which we have quoted. Namely; 
the H field lines curve so as to remain 
tangent to the wall at contact and the 
electric field intensity falls off to a 
zero value at the side walls so as to 
present no tangential components. 


Desired Conditions \ 


It is desired that the energy in the 
wave guide shown in Fig. 5 flow along 
the guide in the direction OA. If any 
energy which flows crosswise of the 
guide, or even at an angle @ from the 
desired direction, is absorbed in the 
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walls of the guide, then that energy is 
dissipated and the transmitted wave is 
attenuated. Since Poynting’s vector 
showing the direction of energy flow is 
always mutually perpendicular to both 
the E and H fields, it is understand- 


. able that no energy will flow in a di- 


rection such as @, toward the wider 
side of the guide. In order for it to 
do so, the E vectors would have to tilt 
to remain perpendicular to the new di- . 
rection of propagation, and would thus 
presumably cause trouble with the 
boundary conditions. As for energy 
flowing to the other walls of the guide, 
the situation is different. No longi- 
tudinal components of E. are needed; 
and H, except at the center of the 
guide, does have at least a small com- 
ponent along the guide. 

In Fig. 6, another top view of a rec- 
tangular guide in the TE,, mode is 
shown. The electric field is perpen- 
dicular to the paper. Vectors repre- 
senting it are shown either as dots or 
small circles. The dots indicate a vec- 
tor coming out of the plane of the 
paper and the circles show one going 
in. The strength of the field is indi- 
cated by the density with which these 
dots or circles are drawn. Thus, at 
the instant shown, the electric field has 
its maximum value at a point such as 
A. The intensity then falls off like a 
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Fig. 6. Top view of rectangular wave guide operating in TE,... mode with unity 
swr. Dots and circles represent the electric field and curves, the magnetic field 


sine function, crosswise of the guide to 
zero at points like B, and lengthwise 
to zero at points like C. 

This arrangement of the electric 
field, along with the magnetic field also 
shown, moves along the guide and in 
doing so carries energy with it. For 
a wave guide operating like the one 
shown in Fig. 6, this is strictly true for 
wave lengths which we say are short 
enough to be below cut off. The mathe- 
matics of showing this to be true is 
moderately complicated but it is, at 
least, apparent that such is possible. 
Remembering that the direction of 
Poynting’s vector is obtained by think- 
ing of the direction of motion of a 
right-hand screw turned so as to ro- 
tate the E vector into the H vector, it 
is clear that in Fig. 6 a wave can be 
propagated to a point on the side wall 
in either of two manners. For ex- 
ample, several Poynting’s vectors are 
shown in Fig. 6 pointing toward D on 
one side wall. ,Those which are shown 
will not reach D simultaneously and, 
hence, are not the proper ones to in- 
dicate complete cancellation of energy 
flow to D, but at least they serve to 
show that Poynting’s vectors propa- 
gated to D may be of the sort in which 
the E vector points out of the paper, 
or another sort in which the E vector 
heads into the paper but is compen- 
sated by a reversed magnetic field. 
Under proper conditions these may 
just cancel each other at points on the 
side walls and thus cause a zero tan- 
gential electric field there as required 
by the boundary conditions. When this 
is true, no energy is present at the 
wall surface and ‘there is, consequently, 
no attenuation of the energy flow along 
the guide. 


Cut-Off Frequency 


As a matter of fact, in the TE, 
mode the cut-off frequency above 
which there is no attenuation may be 
determined very simply and to a cer- 
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tain extent can be intuitively verified. 
The shortest route by which a point 
such as D on the sidewall of the wave- 
guide shown in Fig. 6 can feel the 
effect of waves propagated from all 
points across the guide is along a 
transverse line like an imaginary one 
drawn from D to F. If the distance DF 
(the width of the guide) is equal to or 


greater than a half wave length, then 
the waves reaching D at a given in- 
stant from points along that line must 
have started at times up to % cycle 
sooner or more. Since the whole wave 
is moving along the guide, it is clear 
that in part this flow must correspond 
to E vectors coming out of the plane 
of the paper and in part to ones going 
in because a half cycle' or half wave 
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length along the guide is always suffi- 
cient to embrace both. The most inter- 


esting part is that this complete can- 
cellation takes place even if the width 
of the wave guide is greater than a 
half-wave length because of the pe- 
culiar distribution and motion of the 
field strength values. But at wave 
lengths longer than twice the guide 
width, energy is carried to the side 
walls and, in attempting to violate the 
boundary conditions, it is dissipated. 
The cut-off frequency of a rectangular 
wave-guide in the TE, , mode is speci- 
fied by A, = 2b, where X, is the wave 
length in free space, and b is the wider 
dimension of the guide. At all longer 
wave lengths some attenuation is ex- 
perienced; except for complications 
which .may arise in order to avoid 
higher order modes when A,<8, all 
other wave lengths are readily passed. 
A wave guide is analogous to a high- 
pass filter in this respect. 


Specific Impedance 


We are now ready to discuss the im- 
pedance of the TE,, mode in a rec- 






Fig. 7. Junction between two 
sizes of rectangular wave guides 


tangular wave guide. To do so, we 
will first obtain a zero-order approxi- 
mation by assuming that we may 
neglect the longitudinal components of 
the magnetic field and consider the 
propagation to move with a velocity 
like that in free space. In that case, 
if at some point on the boundary sur- 
face of the wider,side of the guide the 

[Continued on page 70] 
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UNIT SYSTEMS 


HE existence of some 


more 


thirteen or 
systems of electric and mag- 

netic units together with the habit 
of some writers to mix units of more 
than one system in a single equation 
has created confusion in the minds of 
many. It has become necessary to 
specify each unit used in an equation 
if one wishes to make certain that it 
can readily be used. 

The unfamiliarity with the systems 
and the resulting confusion cannot be 
blamed on the engineers. It seems that 
most textbooks are very hazy on the 
subject, and when many sources are 
consulted one soon runs into contradic- 
tions. Much of the literature is de- 
voted to a discussion of technicalities 
which may interest physicists but are 
of no use to the engineer. Further, 
many authors introduce modified sys- 
tems of their own. 

The aim of this article ,is to clarify 
the systems which the engineer is most 
likely to encounter, especially in the 
newer textbooks. Technicalities will 
be avoided so as not to confuse the 
reader. Also, the subject of dimensions 
will not be discussed. 


The Unit 


In order to measure the magnitude 
of a physical quantity, it must be com- 
pared with a standard amount, or unit, 
of this quantity. The magnitude is ex- 
pressed by a ratio, a pure number, 
which denotes the number of times the 
unit quantity is contained in the meas- 
ured quantity. 

The size of the standard amount or 
unit can be arbitrarily chosen, but a 
Satisfactory unit must have a _ con- 
venient size so that the average quan- 
tity measured will not have to be ex- 
pressed by means of cumbersome large 
or very small numbers. 

One might say that a unit system is 
a collection of units for different quan- 
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And Their 


Relations 
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tities which are generally used to- 
gether. The foot-pound-second system 
could be called such a system. Evi- 
dently the size of the unit of length, 
mass, and time were chosen indepen- 
dently for convenient size without re- 
gard to the relation between them. 

related to 
These relations, when ex- 
mathematically in the most 
general way, will contain proportion- 
ality constants. 


Physical quantities are 
cach other. 
pressed 


For instance, the re- 
lation between volume and length can 
be expressed by the equation 


V=kIiwh 


where 1, w, h are the length, width 
and height, respectively, of a rectangu- 
lar container and k is a_ proportion- 
ality constant depending on the units 
chosen. If 1, w, and h are expressed 
in inches and V in cubic inches, then 
k=1, but if V is in gallons, k= 
4.329 X 10°. 

If any other equation in physics 
were written, a proportionality con- 
stant would have to be included, so 
long as the choice of units was still 
unknown. 

In a self-consistent unit system the 
units are so chosen that all these pro- 
portionality constants, or as many of 
them as possible, will be unity. From 
this standpoint, the foot-pound-second 
system is not a self-consistent system. 

In column 3 of the Unit Conversion 
Table included with this article are the 
equations which show the simple rela- 
tions between the physical quantities, 
covering mechanics, electricity and 
magnetism. It should be clear that, if 
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a unit system is to be selected, one can- 
not choose all units arbitrarily. In fact, 
it will be found that but a very few 
units can be so chosen; the others are 
then fixed by the equations. Thus, to 
cover the field of mechanics, three fun- 
damental units can be selected. After 
this has been done, only one more is 
needed to cover the physics of heat 
and another for electricity and mag- 
netism. Consequently, to cover the 
field of mechanics, electricity and mag- 
netism, we can choose but four funda- 
mental units and the other units are 
derived from these by means of the 
equations. These are called derived 
units. 


The Cgs System 

In the egs system (for mechanics), 
the three fundamental units are the 
centimeter, the gram and the second. 
Even these three were not chosen en- 
tirely at random. The gram is sup- 
posed to be equal to the mass of a 
cubic centimeter of water at conditions 
of maximum density. From these three 
fundamental units of length, mass, and 
time, the other mechanical units are 
derived. Thus, for instance, the unit 
of velocity becomes one centimeter per 
second and the unit of acceleration be- 
comes one centimeter per second per 
second. The unit of force, the dyne, is 
the force needed to give an accelera- 
tion of one centimeter per second per 
second to a mass of one gram. 

By now the reader will probably 
want to know why one self-consistent 
system of units would not be sufficient 
and why there should have to be many. 

[Continued on page 24A} 
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A survey of various unit systems and their relation- 
ships to each other which should help to clarify this 
complex subject. The Unit Conversion Table, which 
accompanies this article, will be found useful in enab- 
ling a suitable choice of units for a given equation and 
in interpreting equations employed in modern textbooks 





The difficulty here is to follow the 
rules of a self-consistent system and 
also to have all the units of reason- 
able size. To explain this further, let 
us imagine ourselves back in the time 
when a egs system for mechanics was 
available and when this system had to 
be extended to include electricity and 
magnetism. In those days the relation 
between electricity and magnetism 
was not so well appreciated and_ the 
workers in electricity and those in 
magnetism proceeded independently. 

First, take Coulomb’s law for the 
force between two electric charges (is 
modified by Cavendish) 


In this equation, 7, representing the 
distance between the two charges, is 
inem and the force /* is in dynes, these 
being the units of the cgs systems. k, 
isa constant depending on the medium 
and was taken as unity for a vacuum. 
So, in order to maintain the equation 
in this form, without adding another 
proportionality constant, the unit of 
charge is determined. This unit is now 
known as a statcoulomb. 

Having derived this unit of charge, 
the unit of potential difference, the 
statvolt, is easily found. If it requires 
one erg (unit of work) to move a 
charge of one statcoulomb from one 
location to another, the potential dif- 
ference between these two points is 
one statvolt. 

A statampere is one statcoulomb per 
second, ete., so all other 
easily derived. 


units are 


Magnetomotive Force 

Now consider those working in the 
held of magnetics and how they ex- 
tended the egs system. The first equa- 
tion 1s again Coulomb’s law 


NL, Mle 


(2) 
Rm a 


where k,, is a constant depending on 
the medium and which was chosen as 
unity for a vacuum; r is in em, F in 
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dynes as before. This equation deter- 
mines the size of the unit pole. 

The work done by carrying the unit 
magnetic pole once around a circuit 
is called the magnetomotive — force 
(mmf). If this work amounts to one 
erg, the mmf is one gilbert; that de- 
tines the gilbert. A current flowing 
through a single turn which creates a 
magnetomotive force of 47 gilberts 1s 
one abampere. 

Now this unit of current, the ab- 
ampere, is not the same as the unit of 
current, the statampere, which was 
found before. In fact, it will be seen 
that all the units derived first, the elec- 
trostatic units, differ from the later 
electromagnetic units for the same 
quantities. Yet they were derived from 
the same fundamental mechanical 
units and using the same equations. 
I:vidently there is something wrong. 

If the electrostatic system is ex- 
tended to include magnetic units, it 
will be found when reaching Coulomb's 
law for inagnetic poles, that the two 
sides of the equation do not balance 
unless another factor is added to the 
equation. The same thing happens if 
the magnetic units are extended to in- 
clude the electric quantities; then the 
same factor must be added to Cou- 
lomb’s law for the force between two 
charges. This proportionality factor, 
usually written c?, is numerically equal 
to the square of the velocity of light 
in cm per sec (3 X 10'° cm per sec.). 

The accepted answer at present is 
that we have no right to assume that 
the dielectric constant of a vacuum is 
unity. Making that assumption amounts 
to choosing a fundamental unit. Simi- 
larly, we cannot assume that the per- 
meability of a vacuum is unity; this 
also amounts to choosing a fundamen- 
tal unit. 

As explained above, only four fun- 
damental units can be chosen and, hav- 
ing already three mechanical units, 
one cannot set both the dielectric con- 
stant and the permeability equal to 
unity and still have a_ self-consistent 
system. Therefore the two ways de- 
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scribed above for obtaining a set of 
units must necessarily result in two 
different systems of units, since the 
fourth fundamental unit of each sys- 
tem is different. For purposes of con- 
venience, it is now better to revise the 
symbols and a few of the equations. 

The dielectric constant of a vacuum, 
(permittivity of space) is to be de- 
noted by the symbol ¢, and the absolute 
dielectric constant of any medium by 
the symbol ¢. The dielectric constant 
which we have been looking up in 
tables is the relative dielectric constant 

k,., which is 

€ 
ee (3) 

€o 
The permeability of space or of a 
vacuum is denoted by the symbol po, 
and the absolute permeability of any 
medium by the symbol ». What we 
have been calling the permeability is 
the relative permeability of a medium 


So long as the defining equations of 
column 3 are used, there is a relation 
hetween ¢, and p, in any system. It 1s 


1 





V €o Mo 
where c is numerically equal to the 
velocity of light expressed in units of 
the same system. For the cegs system 
that is 3 & 10", 

The Laws of Coulomb must be re- 
written to include these factors ¢«, and 
fo and in other equations, wherever 
the relative dielectric constant and the 


relative permeability occurred, they 
should be replaced by the absolute 
quantities. For instance: 
qi Q2 qi Ye 
Pp = SS SS ES 4 ho nei we 0 (6) 
Eo k. r’ € r 
Ny Me ly Mle 
| cme SES mm 4 5s a y'4 044 (7) 
Ho Rm r er 
Ose Bete BSS OB 2... ccccscs (8) 
Ba feta Hell ..... ccc. (9) 


There are also some equations where 
the permeability or dielectric constant 
of vacuum alone came in and since this 
Was unity in the system employed in 


some textbooks, it was left out. Such 
an equation was 

P= H 4 DE oc cccccccees (10) 
It should be written 

B=pH +47) .......0005. (11) 


With the provision that the writing 
of the dielectric constant and the per- 
meability be done in accordance with 
the above rules, any equation which is 
valid in the cgs electrostatic system is 

[Continued on page 24B| 
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also true in the cgs electromagnetic 
system and vice versa, without the ad- 
dition of any constants. So long as 
all of the units are changed to the 
other system, no conversion factors 
need appear. A skeptical reader need 
but take any suitable equation and, 
changing to another system, include 
the necessary conversion factors for 
all units and he will see that the con- 
version factors cancel out. 

In fact, we can go further and say 
that any equation which is valid in any 
self-consistent system of units derived 
from the line of equations shown in 
column 3 is also valid in any other 
self-consistent system of units derived 
irom these same equations. But in all 
cases one must change all the units to 
the new system. 

Now let us briefly review the unit 
systems. First there is the cgs electro- 
static system; its four fundamental 
units are the centimeter, the gram, the 
second and the dielectric constant of 
space, which is unity. The names of 
the units are generally given the pre- 
fix stat-. In this system the perme- 
ability of free space (vacuum) is 
1/c? = 1.113 & 10°? stathenry per cm. 

The cgs electromagnetic system uses 
as its four fundamental units the 
centimeter, the gram, the second and 
the permeability of space equal to 
unity. In electromagnetic units the 
dielectric constant of free space is 
l/c? = 1.113 X 10°! abfarad per cm. 
The names of the units in the cgs elec- 
tromagnetic system are often prefixed 
ab-. 

The ratio of the magnitude of a unit 
in the cgs electrostatic system to the 
magnitude of the corresponding unit in 
the egs electromagnetic system is al- 
ways some power of c. For the cir- 
cuit parameters, such as resistance, in- 
ductance, capacitance, permeability and 
dielectric constant, it is c? or 1/c? and 
for all other units it is either c or 1/c. 
It appears that this was first discov- 
ered by Weber and this factor c is 
sometimes referred to as ‘“Weber’s 
constant”. 

Both of these are cgs systems and 
are sometimes called absolute systems. 
However, there seems to be no agree- 
ment on just what is an absolute sys- 
tem. According to some writers an ab- 
solute system is any system which has 
the units of length, mass and time as 
fundamental units. Another viewpoint 
seems to be that only cgs systems are 
absolute systems, and still another is 
that only the cgs electromagnetic sys- 
tem is an absolute system. When in 
a book or article the author states that 
he is using the absolute system, or the 
cgs system, he means the cgs electro- 
magnetic system. 

A practical system is any system 
which uses the ampere, volt, ohm, 
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farad, henry, the joule and the watt, 
although some of the other units may 
differ in various practical systems. 


The Gaussian System 

The symmetric system, also known 
as the Gaussian system, will perhaps 
best be understood if we return to the 
point in this article where it was found 
necessary to introduce the factors ¢«, and 
fo There is still another way out of this 
difficulty; in the Gaussian unit system 
both ¢, and mw, are unity or rather there 
is no admission that there are such 
quantities. The discrepancy is then ad- 
justed by changing some of the defin- 
ing equations. Another way of saying 
it is that Gauss took the cgs electro- 
static units for problems in electro- 
statics and the cgs electromagnetic 
units for problems in magnetics and in 
those equations where both electric and 
magnetic quantities occurred, he in- 
serted the needed conversion factor. 
In the table, the Gaussian units above 
the dividing line are those taken from 
the cgs electrostatic system; those be- 
low the dividing line are from the cgs 
electromagnetic system. Therefore, if 
any unit above the dividing line is used 
in the same equation with a unit below 
the dividing line, the factor ¢ must be 
added. For instance, the law for clec- 
tromagnetic induction becomes: 


And the relation between frequency, 
inductance and capacity becomes: 


ere Cy 


where f is in cycles per second, L in 
milli-microhenries (abhenries) and C 
in statfarads (1 statfarad is 1.11 pyf). 

The insertion of these factors 
amounts to using another line of de- 
fining equations, or one might say that 
it is a mixture of two systems of units. 
Therefore, equations in the Gaussian 
systems will have to be changed when 
the units are converted to another sys- 
tem. In many cases this change con- 
sists only in the omission of that fac- 
tor c or c?. 


Practical Systems 

The unit systems so far described 
were used by physicists because of the 
simplicity of the equations when the 
egs mechanical units were employed. 
However, because many of the units 
are either too small or too large for 
practical work the practical system 
was devised. Eight practical units 
were defined in terms of the cgs elec- 
tromagnetic units; these were the am- 
pere, the coulomb, the volt, the ohm, 
the henry, the farad, the weber, the 
joule and the watt. The ratios of the 
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magnitudes of these units to the ma 
nitudes of the corresponding cgs ele 
tromagnetic units are given in t 
table. All are integral powers of 10. 

Once these eight units are chose 
there are still several ways in which 
the other derived units can be deter- 
mined. This appears to contradict our 
previous statement that but four fun- 
damental units can be chosen arbi- 
trarily but it does not. The eight prac- 
tical units above are not all arbitrarily 
chosen. They bear certain relations to 
each other so as to maintain, for in- 
stance, Ohm’s law without the addition 
of a coefficient of proportionality. 

These units, being defined in terms 
of the cgs electromagnetic system and 
therefore in terms of length, mass and 
time, are often called the absolute prac- 
tical units. Since it was too difficult 
to compare standards with the units of 
length, mass and time, a system which 
employed some fundamental electric 
units was desired. In this system, the 
International system, the okm and the 
ampere are two of the fundamental 
units. They are defined in terms of 
a standard resistance, that of a column 
of mercury having a length of 1063 
cm and a mass of 14.4521 grams, anda 
standard unit of current which will de- 
posit silver at the rate of .001118 gram 
per second. Irom these two units, and 
the centimeter and the second, all the 
others can be determined. The mag- 
nitudes of the international ohm and 
the international ampere were intended 
to be the same as the magnitudes of 
those units in the absolute practical 
system; however, they differ by a 
small fraction of a per cent. For all 
practical purposes they may be con- 
sidered the same and this small differ- 
ence was not taken in account in the 
conversion table of this article. 

The difficulty is now, that this In- 
ternational practical system, which has 
been in use since 1908, is not complete. 
Although a comprehensive system canj 
he built up from it, some of these 
units do not appear to have been in 
use. This does not mean that it could 
not have been completed. 

If the centimeter is retained as the 
unit of length, the practical Interna- 
tional system would have to have as | 
a unit of mass the gram-seven (107 
gram or 10 metric tons). Indeed, a 
unit system called the CGSS system 
was introduced by Bennett, having this 
unit of mass; it appears to have little 
use. 


In this practical system, the value of 
1 
€, = — X 10™ farad per cm. 
9 
and po equals 10°° henry per cm. 
These factors should be used in the 
{Continued on page 66] 
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Length Rem icieia erates be 


BE cn ith io eter signer : 
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Velocity ee ee: 4 


Acceleration 





Work, ST eee : 
PN oc sisersrs.cuiyaiears 


Permittvity of space... .}. 


Surface. } charge density. . 
Volume charge density. . 
Electric field strength. 


Electric flux density, 


Displacement density. . |. 
Electric flux displacement ; 


Capacitance aie aie erste , 


Elastance Reh ae eye aN , 





Polarization ee ; 


Potential, 


Potential difference .. ]. 


Current cases . ; - ee ata ; 
Current density........ ; 
Resistance «6... 5.55: : 


Resistivity ........... 


Conductance 


Conductivity eee oan : 


Permeability of space... 


Reluctivity . ee ee : 


Pole strength 


Magnetic. moment 


Intensity 0 of ma magnetization, 


Magnetic potential . 


Magnetic potential 


magnetomotive force .. 


Magnetizing force 


Magnetic flux density, 


_ Magnetic induction ... 


Magnetic flux 


Reluctance 


Permeance 


4 Inductance 


EQUATION 


ke = E/E, 
ines = = qi % Jr 
c= V/A 
p=Wv 

. E = —grad V 


D=¢E 


Y=DA 
C= q/V 
$= 1/C 
Y=fs=—W/q 
Ee —db/dt 
1 = dat 
(= =1/h 
R=e/I=V/I 


G=1/R 

v¥=\/p 
km = #/My 

v=1/h 
F = m.m./ur’ 


= ml 


M = 4rNI 
H=M/1 
B= wH 
® =BA 
R=M/® 
P=1/R 

L = e/(dI/dt) 
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ELECTROSTATIC 
UNIT 


centimeter 


gram 


second 
‘cm/sec. 
. _cm /sec.” 
dyne 
erg 
erg /sec. 

1 statfarad/cm 
statcoulomb 
statcoulomb/cm* 
statcoulomb/cm* 


statvolt/cm 


1/4 statcoulomb/cm? 


line = 1/7 


statfarad == cm 
statdaraf 


statcoulomb /cm cm* 


statvolt 


statvolt 
_ statampere 
~ statampere/ cm* 


statohm 
statohm-cm 
statmho 


statmho/ cm 


1/c? = stathenry/em_ 


statunit 


stapole . cm 


statweber/cm* 


statweber 


stathenry 
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ELECTROMAGNETIC 
UNIT 


centimeter 


gram 


‘second 


cm/sec. 

cm/sec? 

. - dyne 

erg 

~ erg/sec. 
1/C? abfarad/cm 

abcoulomb 
abcoulomb/cm* 
abcoulomb /em® 

abvolt/cm 


1/4 abcoulomb/cm 


1/47 abcoulomb 
abfarad 
abdaraf 


abcoulomb/cm? 
abvolt 


abvolt 
abampere 
abampere /cm* 
abohm 


abohm . cm 


abmho/cm 


| abhenry/cm 


unit pole 


pole. cm 


pole/cm* 


gilbert 


oersted 


maxwell or line 
or abvolt-sec. 


gilbert/maxwell 
maxwell/gilbert 


abhenry or cm 


SYMMETRIC 
OR GAUSSIAN 
UNIT 


centimeter 
‘gram 
second 
cm/sec. i 

- cm/sec.” 

: dyne 
erg 
erg/sec. 

1 statfarad/cm 
statcoulomb — 

abcoulomb/em* 


statcoulomb/ cm* 
statvolt/cm 


1/47 statcoulomb/ 


line=1/47 
statfarad or cm 
statdaraf 


statcoulomb/cm? 
statvolt 


statvolt 
statampere 
statampere/cm* 
statohm 
statohm . cm 
statmho 


‘statmho/ct cm 


1 abhenry/cm 


unit pole 
pole. cm 
pole/cm* 


gilbert 


oersted 


gauss 


maxwelll or line or 
abvolt-sec 


gilbert/ maxwell éf 10° | (1/42 


maxwell/gilbert 


abhenry or cm F 10 


esa. = =H ein, Morne factor Mi is in a fe column below this ee. : 
mt, Seis 
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PRACTICAL NY 
UNIT 


centimeter 10° 
10 
second : 1 
cm/sec. : 


cm/sec* 10-* 


joule 10-7 
10° watt 
1/(%10") farad/cm 
10 4 coulomb 4 
toulomb/cm* 
culomb/cm* 


volt/cm 


volt 


volt 
| ampere 
; cm? 
% ohm 
10° } ohm . cm 
10° mho 
10° } mho/cm 
S f0-° henry/cm 


c/10° 
‘10° 

c/10* 

10/c 


1/47 ampere turn 10/c 


10 1/4 ampere turn 10°/c 


10-8 weber/cm* 10*/c 


10-°* | weber or volt-second |10°/c 


10° (1/42 amp. turn)/ 10°/c? 
/(1/4m amp. turn) }¢?/10° 
10-* henry c°/ 10° 


number of e.m.u./aumber of 0.3.0. == N. 


e magnitude of 1 ¢.s.u./magnitude of | em.v. == | 


nn” 
3 
Ez 


unit = N Mks 


1 practical 


NY ny = 


KS OR 
GIORG! UNIT 


10° meter 


kilogram 


10-° meter per second 
10° meter /sec” 
joule/meter = newton 
joule 
watt 
1/(9x10°) farad/m 
~ coulomb 
10* coulomb/m* 
10° coulomb/m* 
107] = volt/m 


1/47 coulomb/m* 


1/4r coulomb 


coulomb/m? 
volt 


volt 
ampere 
ampere/m” 
ohm 
ohm . meter 
mho 


mho/meter 


10-7 henry/m 


N MKS (R) 


1 @.s.u. 


NY 


MKS Subrationalized 


10-° 
10-* 


10-2 
10 
10 
107 
107 


10/¢ 
10°/c 
10°/c 
c/10° 
10°/4rc¢ 


10/4 ¢ 
10°/¢? 
©°/10° 
10°/c 
c/10° 


c/10° 
10/¢ 
10°/c 
2/10? 
¢°/10" 
10°/c? 
10°/c? 


4rc/10° 
TC / 1 gr 


™¢/10* 


“110/4mc 


1/40 ampere turn 
pra-gilbert 
1/4m ampere turn 
pra-oersted 


weber/m? 


1 weber = volt sec. 


{1 }(1/4m amp. turn) /weber 
1 |weber/(1/47 amp. turn) 
| henry 


10/47 
10°/4xc 
c/10* 


c/10° 
0°/4rc? 
mc*/10° 
c°/10° 


N MKS (R) 
unrationalized 
N MKS (R) 
1 practical unit 
N MKS (R) 


1 e.m.u. 
1 MKS unif 


SUB-RATIONALIZED 
= MKS OR wi we 
GIORG! UNIT 


10° meter 


MKS Subrationalized 
10-7 
10-* kilogram 


second 


meter per sec. 
meter /sec? 
le/meter = 
joule 
watt 
1/(367x10°) farad/m 
coulomb : 
coulomb/m? 
coulomb/m* 


volt/m 


coulomb/‘m° 
coulomb 


farad 


“daraf 


coulomb/m* 








volt 


ampere 
ampere/m*= 


ohm . meter 


mho . meter 


Arxi0-7 henry/m 


weber 
weber . meter 
weber/m* 


cmpere turn 


amp. turn/m 


10-* weber/m* 


10-5 weber = volt-sec. 
0°/4r | amp. turn /weber 
m/10° 
10-° 


weber/amp. turn 


To convert from ¢.m.u. fo e.s.u. multiply by 1h. S 


Intensity of 


QUANTITY 


Length ..... 2.62.00 
See 


Velocity 


Acceleration ...... 


Permittivity of space. ... 


Surface charge density. . 
Volume charge density. . 
Electric field strength. .. 


Electric flux density, 
Displacement density. . 


Electric flux 
Capacitance .......... 
Elastance 


Potential, 
Potential difference .. 


AS el 
Current 

Current density 
Resistance 

Resistivity 

Conductance 


/ | Conductivity .......... 


Permeability of space. 4 


Pole strength ......... 
Magnetic moment ..... 
Magnetic potential d 


Magnetic potential 
magnetomotive force . 


Magnetizing force ..... 

Magnetic flux density, 
Magnetic induction .. 

Magnetic flux ........ 


Reluctance 
Permeance 


Inductance 
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J. M. CALLER 


Engineer, Sperry Gyroscope Company 


A comprehensive survey of the various types of wire and cable used in radio equipment, with analyses 
regarding their selection to meet specified service conditions 


and sound, practical 


HE most basic component of any 

electrically energized equipment 

and all too often the one given least 
attention in design is the electric con- 
ductor. At first glance, wires and cables 
seem to be relatively simple items which 
should cause no trouble in operation 
provided they are not overloaded. Such 
a concept might be nearly true if bare 
conductors could be used. With but 
few exceptions, however, some form of 
insulation is necessary and thereby the 
conductor is transformed into a special- 
ty product requiring engineering skill 
of the highest order to manufacture 
and utilize successfully. 

Many engineers will undoubtedly say 
that the foregoing statement is grossly 
exaggerated. That it i$ true, neverthe- 
less, should be apparent when one con- 
siders the manifold insulation require- 
ments which enter regularly into elec- 
tric wire and cable design. These re- 
quirements listed below are just as im- 
portant as the more obvious limitations 
of electric current capacity and voltage 
drop with respect to satisfactory and 
reliable operation. 


Dielectric 
Properties 
Dielectric strength 


Physical 
Properties 
Operating tempera- 
ture range 
Softening and brittle 
points 
Moisture resistance 
Flame resistance 
Life expectancy 


Chemical 
Properties 
Imperviousness to 
oils, acids, ete. 
Non-corrosiveness 
Color stability 
Fungus and vermin 
resistance 
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Insulation resistance 

Surface leakage re- 
sistance 

Power factor 

Dielectric constant 


Mechanical 
Properties 
Flexibility and en- 

durance 
Abrasion resistance 
Crushing resistance 
ibration and shock 
resistance 


information 


PART I 





It should also be appreciated that 
these insulation properties are not sep- 
arate and distinct but interdependent 
in a rather complicated manner. For 
example, the wire insulation may be 
flexible at room temperature but may 
soften under heat or stiffen under cold, 
with adverse effect upon one or more 
of the dielectric properties. Likewise, 
the entrance of moisture, oil, or chem- 
icals may completely change or even 
destroy the original characteristics of 
the insulation. Add to these require- 
ments the primary necessity for mini- 
mum diameter and weight in aircraft 
applications and the picture is substan- 
tially complete but certainly not simple. 


Terminology 

Unfortunately, wire and cable terms 
are employed somewhat differently in 
the power and electronic fields. In 
power engineering, the terminology is 
fully standardized! and rigidly employ- 
ed according to definitions. A wire is 
defined as “a slender rod or filament of 
drawn metal” and therefore applies 
only to solid conductors such as magnet 
wires. All other types are classified as 
cables since a cable is defined as “either 
a stranded conductor (single-conductor 
cable) or a combination of conductors 
insulated from one another (multiple- 
conductor cable)”. In radio engineer- 
ing, there are no written standard 
definitions and the terms “wire” and 
“cable” are applied more loosely. A 
wire is understood to be a single con- 
ductor of small diameter, either solid 
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or stranded, which thus extends the 
scope of the term beyond magnet wires 
to include Litz, lead, and ordinary 
hook-up wires. The larger single con- 
ductors, coaxial or concentric lines, and 
sheathed multiple conductors (except 
flexible cords) are known as cables. 
Flexible cords, twisted pair, and par- 
allel pair are familiar terms meaning 
the same in both fields and need no 
explanation. It would be best, however, 
to mention the “harness” as a term 
commonly used in radio to denote an 
assembly of single conductors (wires) 
tied or bound together and usually 
equipped with terminals. 

In the following discussion, the term- 
inology employed will be that which is 
conventional to radio and electronic 
parlance. All references to wire and 
cable furthermore will be understood 
to mean insulated types unless qualified 
by the term “bare”. There should be no 
confusion provided these and the fore- 
going concepts are kept firmly in mind. 


Conductors 

Materials :—Copper is without ques- 
tion the metal of the electrical indus- 
try. More than one-half of the entire 
amount produced in the United States 
is consumed by that industry and the 
major part of that portion is utilized 
in the form of electric conductors. 
There are several reasons for this de- - 
mand. Of first importance, copper has 
the lowest electrical resistivity of all 
metals except ‘silver, and a low tem- 
perature coefficient of resistivity.* In 
addition, it is highly ductile, strong, 
resistant to fatigue and corrosion, uni- 
form, and low in cost. 

Largely because of the present emer- 
gency, much effort has been and is still 
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Fig. 1. Allowable temperature for various insulations 


being directed toward the development 
of suitable substitute materials. Pure 
aluminum and zinc, as well as alloys 
thereof, have been tried with varying 
degrees of success but all are in one 
respect or another considerably inferior 
to copper. The most promising substi- 
tute to date is “copper-clad” in which 
a layer of copper is applied over a 
steel core to obtain a high-conductivity 
sheath but even this has received little 
acceptance. The latter type of con- 
struction should not be confused with 
silver-clad copper conductors which are 
often employed in ultra-high frequency 
circuits as a means of reducing losses 
due to the “skin effect.” 
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Fig. 2. Temperature rise 






Sizses:—Conductor sizes are popu- 
larly specified in terms of wire gauge 
numbers. Many different wire gauges 
have been devised and become estab- 
lished but the only one of importance 
to the electrical industry in this coun- 
try today is the American Wire Gauge 
—commonly abbreviated to A.W.G. 
This gauge is also known as the Brown 
and Sharpe (B&S) gauge since it was 
originated by J. R. Brown, one of the 
founders of the Brown and Sharpe 
Mfg. Co. It has gained precedence over 
all of the others probably because of 
its inherent advantages from an engi- 
neering standpoint in that a simple 
mathematical relationship between suc- 
cessive sizes is maintained constant 
throughout. 

An excellent treatise on the subject 
of wire gauges is available from the 
Bureau of Standards*, covering the 
historical and theoretical considerations 
involved. Space limitations here pro- 
hibit any such discussion but it will be 
advantageous to include some facts 
about the American Wire Gauge that 
may be committed to memory. The 
nominal range of this gauge is from 
No. 0000 (4/0) to No. 36+ with the 
diameters of these limiting sizes de- 
fined as 0.4600 inch and 0.0050 inch 
respectively. Since there are 38 sizes 
between these two diameters, the ratio 
of any diameter to the next smaller is 
equal to 


4/ 4600 \/ 
0050 = 92=1.123 
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(approximately). The square of this 
ratio is 1.261 which is therefore equal 
to the ratio between any two successive 
areas in circular mils (C.M.). It is also 
useful to remember the following ap- 
proximate resistance relationship: 


A.W.G. No. Ohms/1000 Ft, 
BD en sisal Siw ratdaites ates l 
Be eae cans ce Rada Ks 2 
RE eric oar Ot Renda as 4 
ae ee Ree Rend teh 8 
20 10 


This relationship is maintained over 
each succeeding ten sizes throughout 
the entire gauge. 

Coatings:—Tin coating, commonly 
called “tinning”, of the copper con- 
ductor has been so widely employed 
for so many years that it might be 
classified as a standard practice of the 
wire and cable industry. It was pro- 
bably employed originally on large 
cables in lieu of a paper or textile sep- 
arator to protect the copper from cor- 
rosion by active ingredients in the 
rubber compounds commonly used as 
electrical insulation. At any rate, the 
advent of high-production methods in 
radio manufacturing later made the use 
of such tinning on hook-up wires essen- 
tial. With untinned wire, the soldering 
time at each joint would be increased 
perhaps ten times and there are usually 
not less than fifty joints in the smallest 
type of radio receiver. 

Since tin became one of the critical 
materials, lead and lead-tin alloy have 
been employed to a large extent. These 
substitute coatings, admittedly inferior 
to pure tin with respect to solderability, 
were made mandatory upon the manu- 
facturers for several months through 
a WPB Limitation Order. This order 
at first limited the tin content to 20 
per cent (by weight) but was later 
amended to permit up to 40 per cent 
for military radio and radar use, and 
was finally waived entirely in the latter 
applications for solid conductors up to 
A.W.G. #20. Since very few flexible 
hook-up wires contain strands of larger 
diameter, it can be said that pure tin 
coatings are again available for all 
electronic equipments being manufac- 
tured for the Armed Forces. 

Strandings :—Flexible conductors are 
usually designed so that the aggregate 
area of the strands will approximate 





* The electrical resistivity of pure cop- 
per, as defined by the International An- 
nealed Copper Standard, is 0.15328 ohm 
(meter, gram) at 20° C. and the tempera- 
ture coefficient of resistivity, referred to 
20° C., is 0.00393 per degree C. Commer- 
cial grade, soft-drawn copper is ordinarily 
of 98 percent conductivity (or better) with 
a temperature coefficient of 0.00385 per 
degree C. Hard-drawn copper of commer- 
cial grade is about 2.7 percent higher in 
resistance per given length than  soit- 
annealed. 

+ Extensions of this gauge down to No. 
46 have been made and are being used 
regularly. 
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the desired gauge size. An addition of 
not less than two per cent should be 
made for subsequent reduction of area 
through broken strands. Splices in the 
individual strands during manufacture 
are permissible but there should be no 
splicing of the conductor as a whole. 

There are three types of stranding 
commonly employed — bunch, concen- 
tric, and rope lay. In bunch stranding, 
the individual wires are simply twisted 
together as a group and the number of 
wires comprising the bunch may be 
selected at will. Conceritric stranding 
on the other hand follows a fixed pat- 
tern using one straight wire as a core 
around which are twisted layers of 
wires in consecutive multiples of six. 
Thus the number of wires in concen- 
tric stranding is fixed by the series 7, 
19, 37, 61, 91, etc. Such stranding is 
much to be preferred over the bunch 
method since the conductor is perfectly 
circular in cross-section, insuring uni- 
form wall thickness when extruded in- 
sulation is applied, and will not separ- 
ate easily when the insulation is strip- 
ped. Rope-lay stranding is simply an 
extension of concentric stranding 
wherein several stranded conductors 
are twisted together in concentric fash- 
ion to form a large conductor with 
good flexibility. 

It is misleading to speak of conduc- 
tor flexibility without properly qualify- 
ing that term. True flexibility, or 
pliancy, is a function of the fineness 
of stranding; that is, for a given con- 
ductor size, the greater the number of 
strands and the smaller the strand di- 
ameter, the better the flexibility. On 
the other hand, flexing endurance 
which is often referred to as flexibility 
appears to bear little or no relationship 
to the fineness of,stranding but is more 
dependent upon the quality of the cop- 
per and varies widely, for a given ma- 
terial, with the amplitude of flexure. 
Either or both of these criteria of 
flexibility may be important to the 
equipment designer depending upon the 


specific conditions under which the 
Wire is to be used. 
Temperature Limitations: — The 


most important consideration for any 
insulated electric conductor is the 
maximum permissible operating tem- 
perature. Since this is a fixed limit, 
the allowable temperature rise due to 
the flow of electric current will depend 
upon the ambient temperature. The 
higher the ambient temperature, the 
lower will be the allowable temper- 
ature rise, and the reverse is likewise 
true. 

It is interesting to note that the 
maximum permissible operating tem- 
perature is determined not by the con- 
ductor proper but by the type of insu- 
lation thereon. Insulations utilized for 
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Fig. 3. Current-carrying capacity 


electric wires and cables are classified 
under A.J.E.E. Standards* with respect 
to the nature of the material and the 
impregnation thereof as follows: 

Class O insulation consists of cot- 
ton, ‘silk, paper, and similar organic 
materials when neither impregnated 
nor immersed in a liquid dielectric. 

Class A insulation consists of: (1) 
Cotton, silk, paper, and similar organic 
materials when either impregnated or 
immersed in a liquid dielectric; (2) 
films and sheets of cellulose acetate 
the other cellulose derivatives of simi- 
lar properties; and, (3) varnishes (en- 
amel) as applied to conductors. 

Class B insulation consists of mica, 
asbestos, fiber glass, and similar inor- 
ganic materials in built-up form with 
organic binding substances. 

Limiting values of operating tem- 
perature and temperature rise, based 
upon a reference ambient temperature 
of 40° C., for these three classes of 
insulation are shown in the following 
table: 


Allowable 
Maximum Temperature 
Class of Operating Rise Above 
Insulation Temperature 40° Ambtent 
. eee D0° C. | +. 
. ee 105° C ec. 
i wwken 130° € 90° C. 


The reference ambient temperature 
of 40° C. was selected, for the purpose 
of establishing limiting values of tem- 
perature rise to be used in design, on 
the basis of the duration time over 
which elevated ambient temperatures 
may be encountered within the conti- 
nental United States. It is a well- 
known fact that the rate of deteriora- 
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tion of insulation increases exponen- 
tially as the temperature increases. 
The duration and extent of the higher 
ambient temperatures to which elec- 
trical apparatus may be subjected in 
operation is therefore a very important 
consideration. Weather Bureau data 
recorded over periods ranging from 
15 to 75 years at numerous stations lo- 
cated throughout the entire country in- 
dicate that the following outdoor tem- 
perature durations are but seldom ex- 
ceeded. 


Outdoor Duration Time 
Temperature (Maximum) 
GO dime Schansonens 12% 
BINS, heb hirace cease 3% 
Be keaeesisresioaiannie 0.5% 
MOS. vasmacnantaeares 0% 


From the foregoing, the choice of 
40°C. as a reference maximum am- 
bient temperature is immediately ap- 
parent. It should be recognized, how- 
ever, that this value should be relied 
upon in design only for equipment 
used within the United States and un- 
der conditions where indoor temper- 
atures do not exceed those outdoors. 
Much higher ambient temperatures 
will be found inside of an airplane or 
an automobile, in the engine room of 
a ship, and in the tropics. Such are 
the conditions, however, under which 
most of the radio and other electrical 
equipment being produced for today’s 
military needs must function. The de- 
signer therefore should in each indi- 
vidual case obtain the best possible 
knowledge of the climatic conditions 
to be encountered in service. For am-_ 
bient temperatures which at times ex- 
ceed 40° C., the temperature rise should 
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Fig. 4. Voltage drop in millivolts per foot 


be reduced by an equal amount so that 
the maximum operating temperature 
for the type of insulation employed 
will never be exceeded. The curves 
shown in Fig. 1 illustrate the allowable 
temperature rise with respect to maxi- 
mum ambient temperature for various 
types of insulating materials used on 
electric conductors. In addition to the 
three (A.LE.E.) standard classes of 
insulation, which are important prin- 
cipally to magnet wires, there are in- 
cluded here corresponding curves for 
natural rubber and the more popular 
types of synthetic rubber and plastic 
elastomers utilized on radio hook-up 
wires and cables. 

Current-Carrying Capacity: Know- 
ing the allowable temperature rise, the 
next consideration will be the choice of 
a conductor size sufficiently large to 
meet that requirement when carrying 
the circuit current. This is particularly 
important with respect to hook-up wires 
for filament and primary supply cir- 
cuits but there is unfortunately a dearth 


of authoritative information in the lit- 
erature on this subject for the sizes 
commonly employed; viz., A.W.G. #14 
to #22 and smaller. The small amount 
of data available on current-carrying 
capacity in this size range is either 
unreliable or ultra-conservative. 
Theoretical considerations indicate 
that the current required to produce a 
specified temperature rise in an in- 
sulated conductor is given by the equa- 


tion: 
TF 
i=  — 
RR 
where 
I = current in amperes 
T = temperature rise in degrees C. 
R. = conductor resistance at oper- 
ating temperature in ohms/ 
foot 
Ri = thermal resistance of insula- 


tion in thermal ohms/foot 


Determination of the thermal re- 
sistance (R,,) is somewhat compli- 
cated, involving the geometry of the in- 
sulated conductor and the thermal vol- 

















TABLE | 
Temperature A.W.G. A.W.G. A.W.G. A.W.G. A.W.G. 
Rise #14 #16 | #18 #20 #22 
10° C. 11.5 8.5 65 | 45 3.5 
,ac 16.0 120 | 9.0 6.5 50 
. OC. 20.0 15.0 ALS 8.0 . 
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ume and surface resistivities of the 
insulation as follows: 





D0. 
Rm = 0.00522pr log — +- a 
d D 
where 
Ri» = thermal resistance of insula. 
tion in thermal ohms/foot 
py = thermal volume resistivity in 
degrees C./watt/cm3 P 
ps = thermal surface resistivity jp 
degrees C./watt/cm2? 
d = diameter of conductor jy 
inches 
D = diameter of insulated conduc. 


tor in inches 


The preceding formula for thermal 
resistance (R;,) is a simplified version 
of the one given in a report by NEMA‘ 
covering an analysis of current ratings 
for rubber-insulated building wires and 
cables, A.W.G. #14 and larger, in con- 
duit. Resistivity values specified there- 
in are py = 500 for rubber insulation 
and ps = 314D + 650. Assuming that 
these factors may be applied equally 
well to smaller sizes (A.W.G. #14 to 
#22) with average insulation thickness 
of .020 to .025 inch, the relationship 
between current and temperature rise 
should be approximately as shown in 
Table I. 

Since this tabulated data applies to 
natural rubber and is accurate only to 
the extent of the assumptions neces- 
sarily made, its limitations are obvious. 
Natural rubber, as will be discussed 
later, is no longer generally available 
for insulation purposes; synthetic rub- 
bers and plastic elastomers are now 
the rule. In view of this situation, 
additional test information is definitely 
required to establish current ratings 
for the smaller sizes with present day 
types of insulation. 

Such tests have been performed by 
the Sperry Gyroscope Co. on conduc- 
tors ranging from A.W.G. #14 to #22 
inclusive insulated with an extruded 
(.025) wall of synthetic resinous com- 
pound of the vinyl copolymer type 
known commercially as Vinylite V. 
The method employed was chosen to 
simulate operating conditions of semi- 
restricted ventilation, the conductor be- 
ing supported on dowels in a one-foot 
square configuration and enclosed with- 
in a box allowing one inch of free 
space on each side. Values of tempera 
ture rise plotted against current for the 
respective conductor sizes are shown in 
Fig. 2. 

A rearrangement of these curves for 
more convenient usage is given in Fig. 
3. In this case, the current is plotted 
against conductor area for three 10°C. 
increments of temperature rise and the 
curves are extrapolated to indicate the 
limitations of sizes smaller than 
A.W.G. #22. On this basis, the vatl- 
ous conductor sizes would appear t 

[Continued on page 72| 
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Factors Involved In 


CHOOSING TUBE TYPES 


HE employment of vacuum tubes in 
communication equipment is de- 
pendent upon several factors inher- 
ent in their design. These shortcom- 
ings or limitations should be carefully 
considered in choosing a specific tube 
from the more than 500 types available. 

One of the main items to be borne 
in mind is that individual tubes of the 
same type are likely to vary as much as 
plus or minus 30% from their pub- 
lished characteristics. This wide tol- 
erance seldom occurs in a particular 
production run, but is often encountered 
when replacements are obtained at a 
later date or from another source of 
supply. It is therefore desirable to 
check all designs with “high” and “low” 
limit tubes over the full range of oper- 
ation. 

The use of “special” tubes either as 
to type or characteristic is unsound 
from a design standpoint, since the re- 
placement of such tubes is very often 
dificult, particularly when the equip- 
ment is likely to be used in a location 
far distant from a good source of sup- 
ply. 

Much valuable work has been done by 
various groups and organizations in at- 
tempting to standardize a list of “Pre- 
ferred Tube Types.” Such a list can 
only be of value so long as the equip- 
ment designer makes a conscientious 
effort to specify these tube types. Obvi- 
ously the list will be revised from time 
to time as the radio art advances due to 
technical developments. It is therefore 
the duty of every design engineer to 
keep himself informed as to the status 
of this standardization program. In 
doing so he not only helps himself by 
Selecting tube types which are cur- 
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Practical considerations in 


the selection of proper 


vacuum-tube types for various applications are discussed 


rently available, and in all probability 
more uniform as to characteristics, but 
he helps the industry as a whole by 
making it possible for the tube manu- 
facturers to concentrate their produc- 
tion on a few types, thereby increasing 
efficiency and production. 

A discussion of the more important 
limitations which affect the choice of a 
proper tube type follows. 


Types of Emitters 


The type of filament or emitter plays 
a very important part in the operation 
of a vacuum tube. These may be 
divided into three main groups: (1) 
clean metal, (2) contaminated metal 
and (3) oxide coated emitters. 


In the clean metal emitter group we 
have tungsten as representing the only 
practical pure metal emitter commonly 
used. (Pure metals, in general, have 
relatively low emission.) Tungsten fila- 
ments are fairly critical to applied volt- 
ages as far as useful life is concerned. 
When the emission requirements are 
not heavy it is advisable to operate the 
filament at 5% below normal voltage. 
This will result in nearly doubling the 
tube life and.is to be recommended. A 
10% reduction in filament voltage will 
result in approximately five times nor- 
mal life. Obviously at such reduced 
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voltages the emission capabilities will 
be impaired. 

Tungsten filaments are employed in 
practically all high-power transmitting 
tubes because of the difficulty in obtain- 
ing a high vacuum with the oxide 
coated type, and the fact that positive- 
ion bombardment when high plate volt- 
ages are employed is likely to harm the 
emitter. 

The most popular of the contaminated 
metal emitters is the thoriated-tungsten 
type. This consists of about 2% of 
thorium oxide (ThO,) in the tungsten. 
By a special process the thorium is 
brought to the surface of the tungsten. 
The filament is then usually given a 
hydrocarbon treatment which forms 
tungsten carbide (W,C) on the outer 
surface. This tends to decrease the 
rate of thorium evaporation and greatly 
increases the life of the tube. 

The operation of thoriated type emit- 
ters at reduced filament voltages is not 
recommended since this would slow 
down the diffusion of thorium to the 
surface, with the result that the tube 
would lose its emission. The activity 
of a thoriated filament may sometimes 
be restored by removing the plate, 
screen and grid voltages and subjecting 
the filament to from 200 to 250% nor- 
mal voltage for approximately one 
minute, after which the tube should 
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be allowed to age at 150% normal fila- 
ment voltage for approximately ten 
minutes. 

The thoriated-tungsten filament is 
seldom used for transmitter tubes be- 
cause high plate voltages tend to re- 
move the thorium from the surface 
faster than it can be replaced by normal 
action. 

Caesium, potassium and sodium may 
also be absorbed on the surface of 
tungsten to improve the emission al- 
though these metals have not been used 
extensively in present day tubes. 

The third type of emitter, known as 
the oxide-coated type, usually has a 
longer life than the other two. It is 
capable of copious emission at rela- 
tively low temperatures and therefore 
is ideally suited as a source of emission 
for vacuum tubes. The usual coating 
consists of barium and strontium oxide. 
This is obtained by passing the fila- 
ment or cathode through an aqueous 
suspension of barium and _ strontium 
carbonates, after which the filament is 
heated while being evacuated, thereby 
converting the carbonates to oxides. 

The oxide-coated filament or cathode 
cannot be reactivated once the emis- 
sion has decreased, so it is important 
to maintain filament voltages at their 
design center to obtain a long useful 
life. 


Heat Dissipation 


When the electron stream from the 
cathode strikes the plate element it 
gives up its kinetic energy in the form 
of heat which must be dissipated. For 
this reason there is a definite limit 
to the amount of current that may be 
passed through a tube, depending upon 
the rate at which the heat generated 
may be dissipated. Small tubes require 
only normal air circulation around 
them, while larger types necessitate the 
use of forced air cooling. Still larger 
power tubes often require circulating 
water for cooling purposes. 

The maximum safe operating tem- 
perature of a tube is usually limited by 
the ability of the electrodes to dissipate 
the heat. In an attempt to increase the 
heat radiation small power tubes often 
use blackened plates, while in the larger 
tubes graphite or carbon plates are em- 
ployed. But the limiting factor is the 
glass-to-metal seal, which is likely to 
fail at temperatures in excess of 200° C. 

Although a tube may be rated at 25 
watts plate dissipation this does not 
necessarily mean that only 25 watts 
input can be employed unless all of 
the power is dissipated in the plate 
electrode. This, fortunately, is very sel- 
dom the case as it more often happens 
that inputs of twice the plate dissipa- 
tion are employed wherein the extra 
power is absorbed in the output circuit. 

In addition to the plate dissipation 
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large power tubes have a specified grid 
dissipation. This rating should be ad- 
hered to rigidly since exceeding it may 
cause the grid to emit “primary” elec- 
trons which would obviously affect nor- 
mal operation. This applies to both 
control and screen grids. Overheating 
the grid element may also cause it to 
liberate occluded or adsorbed gases, 
thus destroying the usefulness of , the 
tube. In fact it is entirely possible to 
actually melt or burn out the grid wires 
due to improper operation. 


Insulation Breakdown 
Another consideration in the choice 


Secondary Emission 


Secondary emission is the result of 
high-velocity electrons emitted from the 
cathode striking another element with 
sufficient force to dislodge electrons 
from its surface. This type of emis. 
sion, except in a few applications}, js 
useless and should be made ineffective, 
if possible. Secondary emission is pres. 
ent at the plate of all tubes, however, 
unless another element is present which 
has a higher positive potential, the elec. 
trons will be attracted back to the plate 
and therefore have little effect on the 
operation of the tube. This effect js 





























Fig. 1. Inherent grid bias due to contact potential 


of a tube is voltage breakdown. Unfor- 
tunately, designs in which the length of 
the glass is long, thus giving a high 
breakdown voltage, usually have long 
leads and cannot be successfully used at 
very high frequencies. A compromise 
must therefore be made wherein these 
two factors are balanced to the satis- 
faction of the particular application. It 
should also be remembered that the 
voltage arc-over distance in air is much 
shorter than in a vacuum. This, of 
course, is only of importance where the 
electrode connections are all brought 
out at a single end, in which case the 
tube base may arc over before any 


‘ breakdown appears within the tube en- 


velope. 


The use of high-grade insulation is 
rather obvious, but since it is so im- 
portant a few comments are not out of 
order. First, insulating materials used 
in the construction of a tube must be 
of as high a quality as is consistent 
with good mechanical strength. Spacers 
and separators should show no signs 
of distortion under the high tempera- 
tures encountered. Since the losses in- 
crease with both temperature and fre- 
quency the insulation should be care- 
fully chosen with these points in mind. 
It is surprising how much loss can be 
attributed to the ordinary bakelite tube 
base at frequencies as low as 30 mega- 
cycles. 
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not confined to the screen or plate since 
it can occur at the control grid under 
certain conditions, particularly when 
the temperature is high; this is notice- 
able when the grid is driven highly 
positive so that grid current flows. The 
velocity of the electrons emitted from 
the cathode is then likely to become 
great enough to dislodge secondary 
electrons from the grid, and with high 
plate potentials this effect may be suf- 
ficient to cause the grid current to 
actually reverse thereby affecting tube 
operation. 


Contact Potential 

The fact that electrons are emitted 
from the cathode in the absence of an 
accelerating potential with sufficient 
velocity to carry them to the grid, ac- 
counts for the grid current observed 
on most tubes with zero bias applied. 
An illustration of this is shown in 
Fig. 1, where grid current is plotted 
against grid potential. This inherent 
grid bias is commonly referred to as 
contact potential, and is largely a mat- 
ter of emission. Obviously an increase 
in cathode temperature will increase the 
emission and also the velocity of the 
electrons and thus the inherent grid 
bias. As the end of the tube life is 
approached (emission becomes weak) 














?Dynatron oscillator and electron-multi- 
plier tubes. 
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the inherent grid bias will decrease. 
With grid current present the input 


























lt of circuit will be loaded and normal oper- 
m the ation will be affected. Voltages of the 
with order of 1% to 1% volts are likely to 
trons be encountered in normal tubes in high- 
emis- resistance circuits and it is therefore 
st, is advisable to operate all tubes with suf- 
tive, fcient grid bias to accommodate the 
pres- highest anticipated input voltage, plus 
Cver, the contact potential. Exceptions are 
rhich special circuits utilizing this effect. 
elec. ; 
plate Tube Noise 
Be. The fact that electrons are emitted 
from the cathode in a random manner 
=" rather than in a continuous stream 
— Fig. 2. Feedback path through 
C,x-C,x when cathode is ungrounded 
al gives Tise to what is known as “shot 
ree effect.” It is seen that this random 
h flow can account for a fluctuation cur- 
rset rent being superimposed on the main 
vd plate current. When this is passed 
7 through the external plate load an a-c 
oui voltage is produced which is amplified 
aia along with the signal voltage. The 
re: magnitude of the random noise voltage 
sigh is ordinarily less than one part in a 
xs million as compared to the plate cur- 
fe rent; except where an oxide-coated 
oe: cathode is used. In the case of an Ox- 
ide-coated cathode additional noise will 
be present due to the irregularity of 
the emitting surface. The additional 
noise being known as the “flicker 
tted effect.” 
aa A factor in the magnitude of the shot 
a noise is the effect of space charge 
wi around the cathode. It is well known 
‘od that when a tube is operated sO that 
in space charge exists the total available 
al emission current does not reach the 
al plate, in which case it can be seen that 
a the random electron flow is appreciably 
al reduced. It is evident then that full 
pe tated voltage should be applied to the 
the filament to produce an abundance of 
aa electrons in order that the proportion 
tid of steady plate current to noise current 
ee is favorable. Conversely, when the emis- 
k) sion 1s limited by low filament tempera- 
tures more of the electrons reach the 
iIti- plate and the noise current is a more 


substantial part of the total. When fila- 
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ments are operated at 60% of the nor- 
mal rating the current is limited by the 
emission, and space charge commences 
to disappear, making the noise due to 
shot effect increase tremendously. In- 
cidentally, this happens in practice when 
the tube approaches the end of its life. 
Here the noise vs. filament voltage or 
temperature curve shifts so that the 
effect then occurs at normal operating 
voltages. 

Another source of noise present in 
multi-element tubes is the result of 
random variation in the division of cur- 
rents between screen and plate. When 
the screen current is small compared 
to the plate current, noise is found to 
be proportional to the screen current. 
The alignment of the screen grid with 
other grids helps in this respect. 

Noise resulting from gas ordinarily 
is not a serious factor, this is the result 
of positive ions being attracted by the 
grid causing a current to flow which 
is opposite in direction to the usual grid 
current caused by signal rectification. 
If the grid gas current (reverse grid 
current) is less than a few hundredths 
of a microampere no trouble will be 
experienced. 

The total electrical noise due to a 
tube when used as an amplifier is the 
algebraic sum of the separate noise 
voltages. 


Other Causes of Noise 


In addition to tube noise due to shot 
effect, etc., electrical or mechanical de- 
fects may set up disturbances which in 
many cases are serious from the noise 
standpoint. The physical construction 
of a tube requires that insulating spac- 
ers be employed to properly support the 
elements. If, because of distillation of 
metal or other conducting material dur- 
ing exhaust, a film is deposited on the 
insulating spacers which separate the 
elements, then a noise will be developed 
when any fluctuation in the resistance 
of the film occurs. It is not necessary 
that the film be continuous between 
elements, since the presence of a “spot” 
of conductive film in microphonic con- 
tact with one of the elements can create 
quite a disturbing noise voltage. This 
source of trouble can be minimized by 
scoring the insulator, when mica is 
used; or by applying a coating of some 
finely divided ceramic to roughen the 
surface, thus breaking up the resistance 
path. 

Another source of noise is due to 
sliding contacts between metal parts 
even though they carry no current. 
Ordinarily all such contacts are secure- 
ly welded, but unless the weld has been 
properly made it may become loosened 
during shipment and result in a noisy 
tube. Such tubes can be easily detected 
in an equipment by tapping the envelope 
gently and noting whether noise is pro- 
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duced. The noise produced will be 
“scratchy” and should not be confused 
with microphonic noise sometimes pres- 
ent. 

Microphonic noise is definitely peri- 
odic in nature and is the result of me- 
chanical vibration of the elements with 
respect to one another. Low current 
filament-type tubes are usually the worst 
offenders in this respect, although re- 
cent advances in design have consid-— 
erably improved this situation by the 
use of additional supports for the fila- 
ment and the reduction of clearances 
between element supports and insulat- 
ing spacers. Isolation of the tube to 
prevent mechanical vibration from 
setting up disturbances is commonly 
used in practice. Isolation is prefer- 
ably obtained by the use of suitable 
shock mounts on the tube socket, rather 
than on the entire equipment, although 
in many cases both are required. 


Input Resistance 


The input resistance of a tube is 
determined by two factors, one present 
with the cathode taking no current, the 
other only when cathode current is 
flowing. Since it is more convenient 
to jconsider the input loading in terms 
of conductance we will refer to the first 
as the “cold input inductance” and the 
latter as the “hot input conductance.” 

The cold inductance is chiefly due to 
the dielectric loss in the glass envelope, 
insulating supports and the tube base. 
As would be expected, it is practically 
the same for all tubes of similar con- 
struction, being of the order of 0.3 
micromhos per megacycle in the case 
of ordinary receiving tubes. 

The hot conductance is somewhat 
more complex and of dual origin. Its 
magnitude depends upon the physical 
construction and the electrode voltages. 
One component is due to electron tran- 
sit time and the other, cathode lead 
inductance. At low frequencies the hot 
conductance is negligible (infinite re- 
sistance) but as the frequency is in- 
creased it becomes of increasing im- 
portance since it is a function of the 
square of the frequency. In the vicinity 
of 100 megacycles, with ordinary re- 
ceiving tubes, the input conductance 
equals the normal transconductance 
(internal loss equals the power output ) 
and the tube is practically useless since 
it will no longer amplify. 

The conductance due to electron 
transit time is not particularly trouble- 
some at frequencies below 10 mega- 
cycles, since in this region there is no 
serious loading effect on a reasonably 
good tuned circuit. However, as men- 
tioned above, as the frequency is in- 
creased the effect becomes quite ob- 
jectionable. The reason for this is 


quite apparent if one considers the time 


[Continued on page 60] 
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Methods of producing supersonic waves, their properties, 


and practical considerations in the design and character- 


istics of 


* The past quarter century has scen 
a fairly rapid development in the field 
of high-frequency sound waves, 1.e., 
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Fig. 1. By clamping the rod of a mag- 
netostriction oscillator at various points, 
it may be made to produce waves of 
varying length, as indicated above 
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SUPERSONIC WAVES 


ARTHUR QUIRK 


Engineering Dept., Harvey Radio Laboratories, Inc. 


oscillator circuits are 


waves having frequencies above the 
limit of audibility of the human ear. 
This field has been referred to as 
supersonics by some investigators and 
as ultrasonics by others, with the ma- 
jority vote probably going to the for- 
mer term. It is the purpose of this 
article to discuss, in a broad way, the 
methods of producing supersonic 
waves, their properties and uses. 

In a general way, the properties of 
these waves are similar to those of 
ordinary sound waves, with the excep- 


presented 


tion that certain phenomena are ob- 
served with the high-frequency va- 
riety which do not occur with the au- 
dible type or are not observed because 
of limitations of apparatus. When it 
is realized that supersonic waves have 
been generated which have wave 





lengths of the order of magnitude of 
light waves, it is easy to see that the 
physical size of equipment for work 
in this field is small, and that, there- 
fore, the effects of the waves can be 
determined with small samples. 
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Fig, 2. Pierce magnetostriction vibrator. The rod R is 


clamped at its midpoint and inserted in the coils, which 
are large enough to permit the rod to vibrate freely 
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producing Supersonic Waves 


Although several investigators have 
produced supersonic waves by means 
of such devices as the electric arc and 
spark, specially designed whistles simi- 
lar to that of Galton, the methods in 
use today are confined primarily to 
two, the magnetostriction oscillator 
and piezo-electric crystal oscillator. 
Fach of these is used in a certain 
frequency range, and will be described 
in some detail. 

Magnetostriction oscillators are 
based on an effect observed by Joule 
in 1847, namely, that when an iron rod 
js magnetized it suffers a change in 
length. This work was extended by 
others, who found that the increase in 
length continued until a certain criti- 
cal value of the magnetizing field was 
reached, after which the rod began to 
decrease, finally to become shorter than 
when unmagnetized. The effect is ex- 
tremely small, of the order of one part 
in a million. Of more interest is the 
behavior of nickel and its alloys such 
as monel and invar, which always show 
a decrease in length with increasing 
magnetic field strength. 

If such a rod, previously unmag- 
netized, is brought into an alternating 
magnetic field, it will shorten twice in 
each cycle of the field, and therefore 
will vibrate with a frequency equal to 
twice that of the field. If the rod is 
premagnetized, it will vibrate with the 
same frequency as the field. And if 
resonance between the field and the 
natural elastic period of the rod is es- 
tablished, the amplitude of oscillation 
of the rod is a maximum and conse- 
quently, the energy radiated from the 
ends of the rod is also a maximum. 
The natural frequency of a rod _ vi- 
brating in its fundamental mode is 
given by Newton’s equation 





1 E 
f=— nae 
2L d 


where L is the length of the rod, d is 
its density, and E is the elasticity. 
Rods may be clamped at various points 
and so vibrate at harmonics of the 
value obtained by use of the above 
equation. 

In Fig. Ja is a rod clamped at the 
middle, making this point a node. 
Hence the two ends will be antinodes, 
and wave-length } = 2L. If the rod 
is clamped as in Fig. 1b, then obvi- 
ously } = L. Clamping the rods at 
three points gives \ = 2/3L, and so on 
for higher order harmonics. As would 
be expected, the energy radiated from 
the ends of the rod is greatly reduced 
when operation takes place at the har- 
monic frequencies. 

In Fig. 2 is shown the Pierce mag- 
nhetostriction vibrator. The rod R, 
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clamped at its midpoint is inserted in 
the coils L, and L,, both of which are 
large enough so that the rod may vi- 
brate freely. The coil L, with con- 
denser C, forms the oscillating circuit. 
Here is a case of magnetic feedback 
to maintain the oscillation for as the 
rod vibrates due to the changing field 
of coil L,, a voltage is induced in coil 
L,, which in proper phase is supplied 
to the grid of the vacuum tube. Here 
the steady plate current of the tube 
contributes to the premagnetization of 
the rod. 


The Hartley Oscillator 


Oscillation may be maintained in a 
more familiar manner as shown in Fig. 
3. Here is the conventional parallel- 
feed Hartley oscillator. One end of 
the rod lies within the tank coil L,. 
Coil L, is used to provide for pre- 
magnetization of the rod, and is fed 
from a separate battery. The clamps 
shown divide the rod in thirds so that 
vibration is in the second harmonic as 
in Fig. 1b. These are two simple means 
by which supersonic waves can be pro- 
duced, and many alternate methods will 
suggest themselves. 

In such vibrators which are to pro- 
duce a large amount of supersonic en- 
ergy, eddy current losses become se- 
rious. These may be reduced by using 
the rod in the form of a tube, and by 
cutting longitudinal slots in the tube. 


Success is also obtained by using non- 
ferromagnetic materials plated with 
nickel. Eddy current losses are re- 
duced to a very low value by making 
the rods of thin laminations of insu- 
lating material coated with nickel. 

Magnetostriction oscillators have the 
advantages of being relatively inexpen- 
sive, simple, and of producing a large 
energy output, especially at the lower 
supersonic frequencies. A _ principal 
disadvantage is the upper frequency 
limit which can be conveniently 
reached. About 60 ke is the maximum 
with reasonable power output. Never- 
theless magnetostriction vibrators have 
been designed to give a very short 
effective length to the rod so that fre- 
quencies of the order of 300 ke may 
be produced. A second serious defect 
is the fact that the elasticity of the 
rod is affected by the degree of mag- 
netization of the sample. This has the 
effect of broadening the resonance 
curve. Finally, the frequency of a 
given sample varies with temperature. 

In these rod vibrators, the super- 
sonic energy is radiated from the ends 
of the rod. Emission of energy in all 
directions in a plane is obtained by 
using a circular ring which is set into 
vibration so that any section of the 
ring vibrates back and forth along a 
radius, so projecting the sonic energy 
in all directions in the plane of the 
ring. . 
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Fig. 3. Hartley oscillator. One end of the rod is inserted in the tapped 
tank coil; the other coil and battery are utilized to premagnetize the rod 
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A selection of tubes important to the 

operation of WBAM’s l10kw FM 

transmitter. Group includes jacketed 

389AA and 357A vacuum tubes, and 
six 315A rectifiers. 


NEW ASA STANDARDS 

* With the aim of increasing produc- 
tion of radio components vitally 
needed by the military, the American 
Standards Association recently an- 
nounced completion of two new Amer- 
ican War Standards in the radio field 
—Power-Type Wire-Wound Rheostats 
and Variable Wire-Wound Resistors. 
Both types of resistor are used as elec- 
tronic controls in power, range-finding, 
and aircraft equipment. 

The two standards, complete with 
outline drawings, cover the perform- 
ance requirements, test methods, stand- 
ard dimensions, and standard resis- 
tance values of the quality required 
by the Armed Forces. Both standards 
include applicable specifications and 
drawings; classification; materials and 
workmanship; general and detailed re- 
quirements; methods of sampling, in- 
spection and tests; and packaging, 
packing and marking for shipment. 

The main difference between these 
two standards is that the power-type 
wound rheostat can dissipate greater 
power in a given physical size because 
of a higher operating temperature. 
The variable wire-wound resistor, hav- 
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ing a low-operating temperature, is 
chiefly employed in radio and elec- 
tronic devices. 

The two standards were set up by 
a combined committee of representa- 
tives of the radio industry and the 
Armed Forces, and have already been 
adopted by the U. S. Navy Depart- 
ment, Bureau of Ships, and the Signal 
Corps Standards Agency of the U. S. 
Army. It is expected that they will be 
used in the design of new equipment 
and in the preparation of new manu- 
facturing facilities, as well as for pro- 
curement purposes. 


MEG-O-MAX RESISTORS 


Sprague Meg-O-Max Resistors are a 
new development. meeting the need for 
high resistance value units capable of oper- 
ating at high voltages and ambient tem- 
peratures, and also capable of dissipating 
power. 

The new resistors are said to possess a 
degree of resistance stability and mechani- 
cal ruggedness unavailable in any other 
type exclusive of the costly and hard-to- 
get wire wound meter multipliers. 

Meg-O-Max Resistors are formed of a 
series of pressed and sintered ring-shaped 
segments electrically joined in such ‘a way 
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Oscillator modulator unit of WBAM’s FM 
transmitter, New York City. The transmitter 
was developed by Bell Telephone Laboratories 
and manufactured by the Western Electric 


WBANM, affiliate of WOR, is New York’s first 
commercial FM station. 


as to cause the units to be non-inductive. 
Finished units are encased in an hermeti- 
cally sealed, rugged glass envelope pro- 
vided with ferrule terminals. The result 
is a rugged construction capable of with- 
standing aircraft vibration tests, salt- 
water immersion tests, and mechanical 
shocks produced by rapid acceleration. 

Sprague Meg-O-Max Resistors are em- 
ployed as high voltage bleeders, and as 
coarse accuracy meter multipliers for volt- 
age indicators. Other present applications 
include use in high-voltage networks, 
measuring equipment, rectifier systems, 
high-voltage voltage dividers, and as broad 
accuracy meter multipliers. 

Data sheet is available from the Sprague 
Specialties Company, Resistor Division, 
North Adams, Mass. 


CORRECTIONS 


In the schematic diagram of the 
“Multi-Range V-T Voltmeter,” shown 
on page 25 of the February 1944 issue, 
the transformer secondary center-tap 
should connect to the bottom end of 
the 40,000-ohm resistor, instead of 
ground. 

In Fig. 6, page 30, of the March 
1944 issue, the curve designated as 4 
parabola should have been termed 4 


hyperbola. 
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25—USE OF SQUARE WAVES 





USE OF SQUARE WAVES 


The square wave is coming into 
wide use in the testing of both passive 
and active networks. Such a wave, 
shown in Fig. 1, can be represented by 
an infinite series of sinusoidal terms. 
The approximate representation of a 















































Figure 1 


square wave with a finite number of 
terms was discussed in Radio Design 
Worksheet, No. 15 (Rapto, July 1943, 
page 29). An equation representing 
the wave of Fig. 1 can be written: 


4E 4E 
€ = — sin of + — sin 3 wt + 
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sin 5 wf +... — sin N of 


5a N@ 


The ideal square wave (Fig. 1) rises 
instantly to a positive maximum, K, 
and then remains at constant ampli- 
tude for one-half cycle. Likewise it 
falls instantly to zero and beyond to 
—K at the end of the first half-cycle, 
after which the voltage amplitude re- 
mains constant at —K until the com- 
pletion of the first cycle. 

It has been shown that the behavior 
of a network to sinusoidal waves can 
be completely determined by a knowl- 
edge of its transient response to an 
abruptly steep wave front or square 
wave.* The wave forms of speech and 
television signals are complicated and 
contain many transients. Such a situ- 


Transient Response of Multi-Stage 
Video-Frequency Amplifiers—A. V. Bed- 
ford and G. H. Fridendahl—Proc. IRE, 
Vol. 25, No. 4, April 1939. 





ation develops when a sudden transi- 
tion from black to white takes place 
in scanning a television image. 

It is customary to use square waves 
of at least two different frequencies 
in testing networks. One frequency 
should be sufficiently high to eliminate 
the effects of poor low-frequency re- 
sponse and the other of sufficiently low 
frequency to be substantially unaffected 
by high-frequency response or phase 
shift. The time required for a wave 
to reach its maximum value depends 
on the frequency range of the network 
under test. A rapid rise indicates little 
high frequency attenuation. The damp- 
ing of the network at high frequencies 
is indicated by the shape of the top of 
the output wave. Thus, in Fig. 2, the 
output wave from one network has a 
flat top indicating a highly damped cir- 
cuit while the other shows a wave 
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Figure 2 


with an irregular oscillation at the top, 
indicating less damping. The damping 
of a circuit is given by its decrement, 
generally expressed as 
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Figure 3 


8 = R/2vfL = TAf/f. = TR VL/C 
Af = fi — fa 
fo = geometric mean fre- 
quency (See Fig. 3) 
of pass band. 
Multiplying the frequency of the 
square wave used in the test by the 
number of oscillations which occur in 
one cycle of this output wave yields 
the approximate value of the natural 
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Figure 4 


period of oscillation of the network 
under test. 

Thus, shift or circuit delay at high 
frequencies is indicated by rounding of 
the corners of the output square wave. 
Constant delay (or phase shift which 
is proportional to frequency) is indi- 
cated by square corners. In Fig. 4A, 
the rounded edges of the corners at 
the end of the voltage rise or fall in- 
dicate excessive phase shift or delay 
at high frequencies. This tendency 
may be likened to the charge and dis- 
charge of a capacitor through a resis- 
tance, which was discussed in Radio 
Design Worksheet, No. 18 (Rapio, 
October 1943, page 42). In this case 
the current rise was shown to be rep- 
resented by the relation: 


An output wave form for high at- 
tenuation at high frequencies and ex- 
cess delay is shown in Fig. 4B. An 
output wave having a train of oscilla- 
tions at the top results from a network 
having sharp changes in its response 

[Continued on next page] 
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and delay characteristics. The ampli- 
tude and duration of the wave train 
is a measure of the cutoff frequency. 

When it is desired to investigate the 
low-frequency characteristics of a net- 
work, a low-frequency square wave is 
used. The frequency of the square 
wave in this case should be low enough 
to be noticeably affected by low-fre- 
quency cutoff. In the investigation of 
the low-freqency characteristics of a 
network a somewhat different interpre- 
tation of the shape of the output wave 
is required. Thus a sagging of what 
would normally be the maximum por- 
tion (flat top) of the output wave in- 
dicates low-frequency attenuation and 
excess or insufficient delay is indicated 
by a falling or rising tendency in the 
output square wave. Consequently, the 
output wave shown in Fig. 5A indi- 
cates excessive low frequency delay. 
The reverse of this condition shown 
in Fig. 5B indicates insufficient delay 
at low frequencies. The sagging char- 
acteristics of the output wave shown 
in Fig. 5C indicates low-frequency at- 
tenuation whereas the tendency of 
what would normally be a horizontal 
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Figure 5 














top to droop indicates insufficient de- 
lay at low frequencies. 

It is possible to relate the output 
wave characteristics and the frequency 
of the square wave to measure quan- 
titatively the characteristics of the net- 
work under investigation. Space limi- 
tations prevent a presentation here of 
methods of accomplishing this but such 
a description will be given in a future 
worksheet. 

Perhaps the chief use of square 
waves is in making adjustments to a 
circuit and observing their effect on 
the circuit characteristics. This is 
chiefly a function of the design engi- 
neer. However, as indicated above, 
square waves can be used to advan- 
tage in detecting maladjustment if the 
desired characteristics of the circuit 
are known. As a result, their use to 
test equipment is becoming more im- 
portant. 


SERIES TUNED CIRCUITS 


The effective reactance of the series 
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tuned circuit shown in Fig. 6 is ar 


l 
X = 20fL — — 
27 fe 
and the effective impedance is 
Z=yR+X* 


At resonance, the inductive and capaci- 
tive reactances are equal in magnitude 
and opposite in phase so the reactance 
vanishes, leaving 
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Figure 6 


Z—=vVR=R 





Thus, at resonance 


lk = — 
R 
At these frequencies 
= 
VR? + X* 
Let 
I R 1 
SD er EE reese EE senseninserninss 
Ir VR+X* V1-+ tan*@ 


Where @ is 
I and Ip. 
Then: 


the phase angle between 


V1l— a4 
a =I tan* ——— 
A 
Frequency Modulation 


A sinusoidal wave may be modulated 
by operating on any one of the three 
parameters of the generalized wave A 
cos (wt +6), namely, amplitude, 
phase, and frequency. The common 
expression for a frequency-modulated 
wave is 


I=A [J.M sin ot + J; M] 
{sin (® + p)t — sin (@ — p)t} + 
Jo M {sin (o — 2p)t — 
sin (@ + 2p)t} + 


where A is the amplitude of the origi- 
nal carrier wave and p is 2 times the 
frequency of the modulating signal. 
The J’s are Bessel functions of the 
first kind and of the order indicated by 
the subscript. The quantity M repre- 
sents the variation of frequency of the 
carrier from the unmodulated mean 
value, divided by the modulating sig- 
nal frequency. Thus 
Af 
M= — 
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where 
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f=— and F= 
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The quantity M is frequently called 
the modulation index, and may be com- 
pared in certain respects to percentage 
modulation of an amplitude-modulated 
wave. The modulation index may fre. 
quently exceed unity, whereas percent. 
age modulation cannot exceed unity 
without serious distortion. From the 
equation above, it is obvious that a 
frequency-modulated wave may con- 
tain an infinite number of symmetrical 
pairs of side frequencies. 

If the modulation index is less than 
unity, the amplitude of the first pair 
of side frequencies will be approxi- 
mately proportional to M, while the 
amplitude of the higher order side fre- 
quencies will be very small. When the 
modulation index exceeds unity, the 
higher order side frequencies become 
of more importance because they will 
carry more energy, while the ampli- 
tude of the carrier will decrease, 

In a frequency-modulated wave, the 
extent of the frequency deviation is 
proportional to the amplitude of the 
modulating signal. Consequently, two 
modulating signals of 500 and 5000 
cycles frequency but identical ampli- 
tude, acting individually, would pro- 
duce identical frequency deviations, 
Contrast this with a phase-modulated 
wave in which the 5000-cycle signal 
would produce 10 times the phase 
change of the 500-cycle signal. 

The relative phase of the carrier in 
a frequency - modulated wave is in 
quadrature with the carrier of an am- 
plitude-modulated wave; phase in both 
cases being relative to side frequencies. 
Consequently, interfering amplitude- 
modulated signals are much attenuated 
in FM systems. This is one of the out- 
standing advantages of frequency mod- 
ulation over amplitude modulation. 

There are three important funda- 
mental differences between amplitude- 
and frequency-modulated waves. For 
example, for a single modulating sig- 
nal frequency there are but two side 
frequencies in an amplitude-modulated 
wave in comparison with a number of 
energy-bearing side frequencies in a 
frequency-modulated wave. The en- 
ergy in the side frequencies adjacent 
to the carrier of a frequency-modu- 
lated wave may be negligible compared 
to higher order frequencies. 
Again, the amplitude of the side fre- 
quencies in an amplitude - modulated 
wave can never be greater than half 
the carrier amplitude without serious 
distortion resulting, whereas in FM the 
amplitude of side frequencies can ma- 
terially exceed that of the carrier. 
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“§ALAD-BOWL”’ SPEAKER 


A new speaker has been designed by 
Bell Telephone Laboratories and is now 
being produced by the Western Electric 
Company. This high powered unit, some- 
times called the “salad bowl” because of 
its shape, has passed the rigid Navy tests 
to insure reliable operation. 

Designed for speech reproduction, this 
speaker has an outside diameter of 1214 
inches and weighs approximately 25 
pounds. The unit is composed of three 
principal sections: the base, which provides 
space for a transformer, and a _ terminal 
strip, and provisions for the lead-in cable ; 
the horn, which is of the folded exponen- 
tial type; and the magnetic unit which is 
fitted with a two-piece permanent magnet, 
and diaphragm. The loudspeaker is con- 
structed principally from formed sheet steel 
and moulded plastic. 

The voice coil impedance of the unit 
is approximately 7.5 ohms. The speaker 
develops the high sound pressure of 50 
dynes per square centimeter when oper- 
ated at the rated electrical input and meas- 
ured at 10 feet from the speaker on the 
sound axis in open air. 


NEW MEGOHM METER 


Essentially a direct-reading ohmmeter 
but incorporating a vacuum-tube  volt- 
meter in order to cover relatively high 


resistance values, Model L-2 Megohm 
Meter announced by Industrial Instru- 


ments, Inc., 156 Culver Ave., Jersey City, 
N. J., offers several new features for this 
type of instrument. In addition to labor- 
atory usage, especially for checking leak- 
age resistance of’cables and insulating ma- 
terials, locating defective insulation in 
equipment, and measuring carbon resistors, 
it is readily adaptable to production test- 
ing, particularly of radio condensers. 

Entirely self-contained, it operates on 
110-volt 60 cycle a.c. Arrangements are 
provided for the rapid charging of con- 
densers under test. An external battery 
voltage supply may be used where voltages 
other than the self-contained 200-volt sup- 
ply, are desired. The instrument may be 
satisfactorily operated with external volt- 
ages up to 1000. 

Internal resistance standards enable the 
operator to check calibration and make 
compensating adjustments when necessary. 
Full length of scale is 334” with less 
crowding at high-resistance end than is 
usual in such an instrument. Using the 
internal 200-volt supply, maximum range 
extends from 1 megohm to 100,000 meg- 
ohms in four overlapping ranges but can 
be extended to 500,000 megohms with an 
external 1000-volt supply. Maximum re- 
sistance in series with condenser or insu- 
lation under test is only 1 megohm. This 
assures practically constant voltage across 

[Continued on next page] 


NEW ELECTRON MICROSCOPE 


One of a small quantity of General Elec- 
tric simplified electron microscopes is 
shown. These will soon be shipped on high 
priority orders to industrial laboratories 
and colleges to obtain experience on the 
use of the simplified units in various fields. 

Component parts of the microscope are 
the same as those announced when General 
Electric demonstrated a “war model” of 
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the microscope at the National Chemical 
Exposition in Chicago more than a year 
ago. The new instruments, however, are 
now “housed” in a desk design for con- 
venience of operation. 

These G.E. microscopes operate on ordi- 
nary house current, are capable of pro- 
ducing images 10,000 times the size of the 
specimen and are approximately ten times 
more powerful than the best light micro- 
scope. 
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test terminals and minimizes the effect of 
tube ground current. Stability is assured 
by balanced tube circuit and voltage regu- 
lators in the internal power supply. The 
Model L-2 Megohm Meter measures 10” 
h. x 8” w. x 15” deep, and weighs 10 Ibs. 


NEW ANTENNA TRANSFORMER 


The Andrew Company, of 363 East 
75th St., Chicago, announces a new an- 
tenna transformer unit to couple an un- 
balanced 70-ohm co-axial cable transmis- 
sion line to the 700-ohm terminals of a 
rhombic receiving antenna (or to any an- 
tenna terminal stub of 700-ohm impe- 
dance). The efficiency of the equipment 
holds losses down to less than 1 decibel 
over a frequency range of from 4 to 22 
megacycles. 





The transformer unit is designed for 
out-of-doors installation as close to the 
antenna terminals as possible; and it is 
housed entirely within a weather-proof 
cabinet with a water-tight cover. 

Circuit design of the transformer unit 
provides for simple d-c continuity check- 
ing throughout the whole length of the 
antenna from the coaxial cable input ter- 
minal position, thereby facilitating anten- 
na inspection and maintenance. The un- 
usually broad frequency response is 
achieved by close coupling and by pow- 
dered-iron transformer cores of high per- 
meability. 

Further information for interested engi- 
neers is available from the manufacturer. 


BATTERY HOLD-DOWN CLAMP 


This new patented Battery Hold-Down 
Clamp has been developed by The Paul 
Henry Company, 2037 South La Cienega 
Boulevard, Los Angeles 34, California. 

The new clamp was designed to alleviate 
the difficulties encountered in removing or 
changing batteries under extreme climatic 





conditions, or where the element of time 
saving is important. 

The clamp replaces the two wing nuts, 
and by the use of the clamp, in which is 
incorporated a cam action, all safety wir- 
ing is eliminated. The positive locking ac- 
tion is obtained from the pressure exerted 
on the cam. Distinctive features of the 
clamp are that it is obtainable with vari- 
ous nut sizes and screws into present bat- 
tery boxes. The cam lever is easily re- 
leased manually. 

Approval for the installation of this 
equipment has been granted by the Army 
Air Force, Materiel Command, Wright 
Field. 


PORTABLE D.C POWER SUPPLY 


This portable d-c power supply, manu- 
factured by P. R. Mallory & Co., Inc., 
Indianapolis, Indiana, is designed for use 
on assembly lines, in laboratories and main- 
tenance departments. 

It provides a source of portable d-c 
power for manufacturing, testing and op- 
erating all electrical and electronic equip- 
ment in aircraft and other units employing 
12 or 24 volt systems. The power supply 
can also be used to taper charge batteries 
or battery carts of similar ‘voltages. 





The unit is designed to operate from 3- 
phase a-c lines of 208 and 230 volts. Three 
models are offered: No. VA1500, with d-c 
output of 10 to 16 volts at 100 amperes or 
20 to 32 volts at 50 amperes; No. VA3000, 
with d-c output of 10 to 16 volts at 200 
amperes or 20 to 32 volts at 100 amperes; 
No. VA4500, with d-c output of 10 to 16 
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volts at 300 amperes or 20 to 32 volts at 
150 amperes. Models with similar d-c out- 
put but for operation on 460 volts a-c, are 
also available. 

Rectification is provided by Mallory 
Magnesium-Copper Sulphide Dry Disc 
Rectifiers. 


NEW ATTENUATOR 


An improved line of attenuators, fea- 
turing a new detent gear, new materials 
and new type steel cover, has just been 
announced by The Daven Company, 19] 
Central Avenue, Newark 4, New Jersey. 

The new Daven detent gear provides 
more positive action, greater degree of 
accuracy, more uniformity in operation, 
longer life and a stronger stop mechan- 
ism. 

Contacts and switches of these attenua- 
tors are made of tarnish-proof silver alloy, 





giving uniform and definite electrical con- 
tact. It should be of interest to note that 
the cleaning and lubricating of the con- 
tact points are now completely eliminated 

The new type steel cover provides im- 
proved magnetic shielding. The body of 
the cover forms an integral part of the 
attenuator assembly, protecting the resis- 
tors. A snap-on cap gives ready access to 
switch blades and contacts. 


KELVIN-WHEATSTONE BRIDGE 


Combining both Kelvin and Wheatstone 
bridges, the Shallcross Type 638-2 Bridge 
provides a resistance measurement instru- 
ment having range of from 0,0001 ohms 
to 11.11 megohms in a single, portable 
unit. The convenience of being able to 
make practically all resistance measure- 
ments with one instrument makes _ this 
bridge useful for laboratory and _ school 
use, maintenance work, many forms of 
production line testing, and field investiga- 
tions. 

When used as a Wheatstone bridge for 
measurements between 1 ohm and 1 meg- 


[Continued on page 54] 
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ECHOPHONE MODEL EC-1 


» for (Illustrated) a compact communications receiver 


meg- . ° 
. with every necessary feature for good reception. 





Covers from 550 kc. to 30 me. on 3 bands. Elec- 
trical bandspread on all bands. Six tubes. Self- 


contained speaker. 115-125 volts AC or DC. 


ECHOPHONE RADIO CO., 540 N. MICHIGAN AVE., CHICAGO 11, ILLINOIS 
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CROSS-BOW DRAWS QUARTZ 


The cross-bow is being used by West- 
inghouse research engineers as a helpmate 
to the electron microscope. 

Fashioned from tough, flexible steel and 
mounted on a wooden stock, the cross-bow 
shoots an arrow that draws out quartz 
filaments 1/30,000th of an inch in diameter 
which are used to calibrate the magnifying 
power of the electron microscope. 

To make such a very delicate thread, 
according to Dr. Alois Langer of the 
Westinghouse Research Laboratories, re- 
quires a high initial burst of speed that 
“spins out” the quartz while it is in a hot, 
fluid state and before it has a chance to 
cool and harden. The cross-bow is about 
the simplest and most efficient instrument 
for doing this. 

Some of the filaments drawn by the bow 
are so delicate that they are invisible to the 
naked eye when viewed under direct light, 
the engineer reported. In order to be seen 
they must be held at eye-level against a 
strong light. The light glances off the 
shiny filament, scattering its rays in differ- 
ent directions and making the filament ap- 
pear much larger than it actually is. 

When the Westinghouse engineer wants 
to replenish his supply of filaments, he 
places the cross-bow in firing position and 
attaches a small, cylindrical piece of quartz 
to the end of the arrow. Using a very hot 
flame from an oxy-hydrogen torch, he 
heats the quartz until it is just about to 
melt. 

Then he pulls the trigger. The arrow 
darts from fhe bow at high speed, trailing 
behind it gossamer-like threads of quartz. 
Unbroken pieces up to 20 feet in length 
are not unusual, but more often the fila- 
ments are dispersed in smaller sections 
throughout the route the arrow takes. 
They are extremely flexible and can be 
wound round the finger like thread. 

To measure the actual thickness of the 
filament, it is first put under the electron 
microscope and gauged by other methods 
of comparison. Once its diameter has been 
fixed accurately, it becomes a “meastring 
stick” for determining the magnifying 
power of the electron microscope. 


FRANK R. DEAKINS NAMED 
HEAD OF RCA-VICTOR CANADA 


Frank R. Deakins has been named Pres- 
ident of RCA Victor Company, Ltd., of 
Canada, a wholly owned subsidiary of the 
Radio Corporation of America. 

Mr. Deakins rejoins the Canadian com- 
pany in which he held the position of ex- 
ecutive vice president from 1932 to 1934. 
He will direct the activities of more than 
3,300 employees employed in the manufac- 
ture of radio and electronic equipment for 
the wartime needs of the Canadian goy- 
ernment. 

Mr. Deakins first became associated with 
the radio industry when he was with the 
General Electric Company. He rose to 
become the sales manager of the radio de- 
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partment. He joined RCA in 1930 as as- 
sistant to the president when RCA began 
to manufacture its own radio and elec- 
tronic equipment. 


Frank R, Deakins 


MAY, 


He was made manager of RCA’s Engi- 
neering Products Division in 1931 and the 
next year joined RCA Victor Limited of 
Canada as executive vice president. He 
returned to RCA Victor, Camden, in 1934 
to become manager of the special appa- 
ratus division. Since the entry of the 
United States into the World War, Mr. 
Deakins has been executive assistant to the 
general manager. 


SPRAGUE SPECIALTIES 
COMPANY CHANGES NAME 

Without changing ownership or manage- 
ment Sprague Electric Company is now 
the official name of the Sprague Special- 
ties Company of North Adams, Mass., na- 
tionally known designers and manufactur- 
ers of Sprague Condensers, Koolohm Re- 
sistors, Power Factor Control Equipment 
and other important electrical components. 

Believing that for some time past the 
word “Specialties” has not adequately in- 
dicated the nature of its business, the com- 
pany has made this change and sent for- 
mal notification to suppliers, customers and 
others. 

[Continued on page 42] 
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This Month 





RMA CONFERENCE 


The second War Production Conference 
of RMA, in connection with the Associa- 
tion’s twentieth annual membership meet- 
ing, has been planned for June 6-7, at the 
Stevens Hotel, Chicago. War production 
will be the keynote of the industry meet- 
ing, including all RMA _ Divisions and 
committees, but streamlined to meet war 
conditions. There will be no exhibits or 
meetings for jobbers or dealers, and no 
banquet or other social features. 

President Paul V. Galvin of RMA will 
preside at the Association membership 
luncheon on June 7, under the program ar- 
ranged by Chairman A. S. Wells of the 
Convention Committee. A prominent gov- 
ernment official is being invited as the 
guest speaker. 

New officers and directors of RMA will 
be elected at meetings of the Association’s 
Board of Directors and its Set, Tube, 
Transmitter, Parts, Amplifier and Sound 
Equipment Divisions. Committee meetings 
will be held on the first day of the con- 
ference, with an informal luncheon for 
committee members in attendance, with the 
annual industry luncheon being held the 
following day, June 7. 


NEW MALLORY V-.P 

John M. Smith, General Manager of 
Manufacturing for the RCA-Victor Di- 
vision of Radio Corporation of America, 
has resigned to join P. R. Mallory & Co., 





John M. Smith 


Inc., Indianapolis, Ind. as Vice-President 
in Charge of Manufacturing. 

Mr. Smith has been associated with the 
Radio Corporation of America for the past 
fourteen years. Prior to that time he was 
engaged for sixteen years in manufactur- 
ing activities with the Incandescent Lamp 
Divison of the General Electric Co., Nela 
Park, Cleveland. 
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Mayor Edward J. Kelly of Chicago inspects the Hallicrafters Company’s famed SCR-299 


unit. 


LEAR APPOINTS RADIO HEAD 
William P. Lear, president of Lear Avia 
Inc., manufacturers of radio and aircraft 
equipment, of Piqua, Ohio and Grand 
Rapids, Michigan, has announced the ap- 





Elmer C. Crane 


pointment of Elmer R. Crane of Washing- 
ton, D. C. as general manager of the Radio 
Division of the company. Mr. Crane will 
make his headquarters in Grand Rapids, 
where radio production by Lear Avia is 
being centralized. 

Elmer R. Crane is well known among 
radio engineers. After eighteen years with 
Western Electric, he spent two years in 
Washington, with the Radio and Radar 
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Division of the War Production Board, 
from which he retired to join Lear Avia. 
As head of the Products and Facilities 
Branch of WPB, he handled problems 
dealing with the production of radio and 
radar prime equipment and components for 
the military services. 

The appointment of Mr. Crane by Lear 
Avia marks the start of expanded radio 
production under the personal guidance of 
Mr. Lear’ Radio production will be cen- 
tered at Grand Rapids; radio research and 
development will remain in Lear Avia’s 
New York laboratories. 


UNIVERSAL NOTES 


The Universal Microphone Company, 
Inglewood, Cal., has issued a bulletin to 
sub-contractors discontinuing three of its 
wartime catalogue items, viz., jacks, plugs 
and switches. 

Small quantities, however, will continue 
to be available to jobbers on priorities un 
til the present stock is depleted. 

The discontinuance of these items was 
necessary because current prime contracts 
for microphones have absorbed the manu- 
facturing facilities of jacks, plugs and 
switches into 1945, 

The first jobbers’ edition of Micro 
Topics, an eight page issue, contains arti- 
cles on past and present production ol 
microphones as well as general trade in- 
formation. It will be issued at frequent 

[Continued on page 52] 
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N special test rooms like this, Automatic 
I Electric relays undergo insulation break- 
down tests under extremely high voltage. 
From long study of such tests, Automatic 
Electric engineers have developed effective 
safeguards against high potentials in actual 


service. 
* * 


When war uses of electrical control equipment 
focused attention on the need for improved 
insulation, Automatic Electric engineers were 
well prepared. For insulation technique is a 
factor in relay design to which they had 
already given long study. Today, improved 
methods to meet wartime needs have not only 
improved the performance of war equipment, 
but also will add to dependability of peace- 
time designs. 

Similar studies are constantly being made of 
spring design, contact materials and pressures, 
magnetic circuits, finishes and coil designs. 
The resulting experience is one basic reason 
why Automatic Electric relays perform so de- 
pendably under towgh conditions. 

You can take advantage of this background 
by calling in the Automatic Electric field engi- 
neer. A specialist in electrical control, he 
works daily with designers of war products, 
and will be glad to work with you in selecting 
the apparatus best suited to your needs. 


al AUTOMATIC ELECTRIC SALES CORPORATION 
ail 1033 West Van Buren St., Chicago 7, Illinois 
In Canada: Automatic Electric (Canada) Limited, Toronto 
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F. X. RETTENMEYER 


RCA Victor Division 


Radio Corporation of America 


15—HOUSEHOLD RECEIVERS, PART 4 


The 4-Tube DX Dandy—H. E. Hayden— 
Radio World, Vol. 8, Feb. 27, 1926, page 3. 
Sources of “A,” “B,” and “C” Power for 
Radio Receivers—W. E. Holland—Pro- 
ceedings IRE, Vol. 14, June 1926, page 345. 
How to Build the New LC-27 Receiver, 
Pop. Radio, Vol. 10, Oct. 1926, page 511. 
The Browning-Drake Regeneformer—V. 
D. Hurd—Radio News, Vol. 7, Feb. 1926, 
page 1142. 

An All-Around Short-Wave Receiver—L. 
Jacquet—Radio, Vol. 7, July 1926, page 17. 
“No Battery” Receiver—W. James— 
Wireless World, Vol. 18, June 30, 1926, 
page 879. 

A 5-Tube Super Receiver—J. Jellicoe— 
Radio World, Vol. 9, April 17, 1926, 
page 6. 

A 14-Tube Receiver—F. A. Jewell—Radio 
News, Vol, 8, Dec. 1926, page 641. 

A Good Short-wave Receiver Using Tube 
Capacity for Feedback and Tuned Plate 
Circuit to Control Oscillation—F. C. Jones 
—Radio, Jan. 1926, Vol. 7, page 33. 

How to Construct the DX-4—A. K. Le- 
wing—Radio News, Vol. 7, April 1926, 
page 1432. 

A Transoceanic Broadcast Receiver—C. R. 
Leutz—Radio News, Vol. 8, Aug. 1926, 
page 140. 

Long-range Three-Valve Receiver, Wire- 
less World, Vol. 18, June 23, 1926, page 
852. 

A Gang-Controlled Seven-Tube Receiver 
—A. MacGillicuddy—Radio News, Vol. 8, 
Nov. 1926, page 609. 

Servicing of Broadcast Receivers—L. 
Manley and W. E. Carity—Proceedings 
IRE, Vol. 14, Aug. 1926, page 541. 
Short-wave Receiver Design—a 17 to 550 
Meter Capacity Controlled Regenerative 
Set Using Plug-in Coils—F. J. Marco— 


Radio, Vol. 8, May 1926, page 33. 

A Stable H.F. Receiver—E. J. Martin— 
Wireless World, Vol. 18, March 3, 1926, 
page 339. 

The Twin-Eight Circuit—H. J. Marx— 
Amer. Radio Journal, Vol. 5, Aug. 1926, 
page 3. 

Modernizing the Atwater Kent Model 20 
Receiver—J. Millen—Radio Broadcast, 
Vol. 10, Nov. 1926, page 50. 

The Improved Isofarad Receiver—B. B. 
Minnium—Radio News, Vol. 7, Feb. 1926, 
page 1152. 
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An Auto-transformer Receiver—T. H. 
Nakken—Radio News, Vol. 8, Oct. 1926, 
page 353. 

News of the $500 Short-wave Receiver 
Prize Contest, Radio Broadcast, Vol. 8, 
April 1926, page 657. 

Alimentation des Recepteurs Radiotélé- 
phoniques par Courant Alternatif—H. Nio- 
gret—L’Onde Eléctrique, Vol. 5, Nov. 
1926, page 602. 

An Improved Multi-Wave Receiver—W. 
L. Nye—Radio, Jan. 1926, page 37. 

The Abele Receiver—S. O’Connor—Pop. 
Wireless, Vol. 9, May 15, 1926, page 456. 
Super-torodyne: An Improved &8&-Tube 
Super—J. E. Owen—Radio Digest, Vol. 
17, April 10, 1926, page 19. 

The “P. W.” Fourteen Valver, Pop. Wire- 
less, Vol. 9, June 26, 1926, page 603. 

Six Tube-Shielded T.R.F. Set—A. P. 
Peck—Sct. and Inv., Vol. 14, Dec. 1926, 
page 718. 

Perfectionnements aux Récepteurs Radio- 
téléphoniques, Radio Electricité, Vol. 7, 
June 25, 1926, page 237. 

Radio Receivers by Production Methods— 
J. A. Pern—Radio News, Vol. 7, Feb. 
1926, page 1110. 

A Portable Superheterodyne—C. W. Pres- 
ton—Radio News, Vol. 8, July 1926, page 
46. 

A Prize Contest for the Design of a Non- 
radiating Short Wave Receiver, Radto 
Broadcast, Vol. 8, Feb. 1926, page 444. 

A Powerful Reflex Receiver—A. Reed— 
Radio News, Vol. 7, Jan. 1926, page 984. 
A Remarkable Quality Receiver, Radio 
News, Vol. 7, June 1926, page 1652. 
Calibrating Receivers with Crystals—J. L. 
Reynolds—Radio News, Vol. 7, Feb. 1926, 
page 1128. 

The Reflex Five—J. Riley—Radio News, 
Vol. 8, July 1926, page 48. 

An Improved “Bass Note” Circuit—G. V. 
Rockey—Radio News, Vol. 8, Dec. 1926, 
page 658. 

Building Up a Superheterodyne Receiver 
—H. J. Round—Pop. Wireless, Vol. 9, 
Aug. 28, 1926, page 879. 

The Infradyne—E. M. Sargant—Radio, 
Vol. 8, Aug. 1926, page 11. 

Uber Induktive Lopplung in Empfangs- 
kreisen—E. V. Seelen—Jahrb. Draht. 
Teleg. u. Teleph., Vol. 28, Oct. 1926, page 
114. 
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Selectivity par Excellence, Radio News, 
Vol. 7, May 1926, page 1552. 


An All-wave Regenerator—M. Silver— 
Radio World, Vol. 9, March 27, 1926, 
page 6. 

A Single Control All-Wave Four-tube 
Receiver—M. Silver—Radio World, Vol. 8, 
April 1926, page 26. 

How to Build the S-C Receiver for Short 
and Long Waves—M. Silver and L. M. 
Cockaday—Pop. Radio, Vol. 9, March 
1926, page 258. 

Sir Oliver Lodge Gives N Circuit, Radio 
World, Vol. 10, Nov. 27, 1926, page 6. 
Selective Three-Valve Receiver—H. F. 
Smith—Wireless World, Vol. 18, March 
24, 1926, page 443. 

The “Roberts” Reflex Neutrodyne—H. F. 
Smith—Wireless World, Vol. 18, June 23, 
1926, page 833. 


Something New in Superhets, Sci. and 
Inv., Vol. 14, Aug. 1926, page 346. 


Construction of the Duodyne—A. Van A. 
Sommers—Radio Mews, Vol. 7, March 
1926, page 1293. 

The 8-tube Lincoln Super—S. Stack— 
Radio World, Vol. 10, Dec. 4, 1926, page 7. 


Superheterodyne Radio Receivers, Elect. 
Rev., Vol. 98, Jan. 1, 1926, page 33. 


A New Radio Frequency Receiver—E. 
Speigler—Radio News, Vol. 7, April 1926, 
page 1428. 

Inside Information on New Radio Receiv- 
ers—S. G. Taylor—Pop. Radio, Vol. 10, 
Nov. 1926, page 656, and Dec. 1926, page 
786. 

An Exceptional Four-tube Receiver—E. E. 
Turner—Radio, Jan. 1926, page 12. 

The Essence of the Reflex—P. K. Turner 
—Wireless World, Vol. 18, June 9, 1926, 
page 761. 

The Performance of Modern Broadcast 
Receivers—P. K. Turner—El. Rev., Lond, 
Vol. 99, Dec. 31, 1926, page 1072. 

Earth Losses in Radio Sets—P. D. Tyers 
—Elect. Rev., Vol. 98, May 7, 1926, page 
729, 


Superheterodyne Construction — H. C. 
Weber—Radio Broadcast, Vol. 8, March 
1926, page 689. 

Universal Three Valve Receiver—N. P. 
Vincer-Minter—Wireless World, Vol. 19, 
Aug. 25, 1926, page 267. 


[Continued on page 46] 
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An All-wave Tuned Radio-Frequency Re- 
ceiver—Z. Bouck—Radio Broadcast, Vol. 
7, Sept. 1925, page 581. 

A Five-tube Receiver of Dual Efficiency— 
G. H. Browning—Radio Broadcast, Vol. 8, 
Dec. 1925, page 172. 

Selective Morse Receiver; Detector—L.F. ; 
Set with a Tuned Air-Core Low-Fre- 
quency Filter Transformer—A. P. Castel- 
lain—Wireless World, Vol. 16, May 20, 
1925, page 479. 
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Universal takes pride in producing these three types of 
Microphones at the request of the U. S. Army Signal 
Corps. These units represent but a small part of the 
skill and experience which has produced over 250 differ- 
ent types and models made available to our customers. 
From Submarine Detectors to High Altitude Acoustic 
units, Universal’s Engineering experience has covered 
World War II. 


These Microphones built without peace time glamour 
have every essential of military utility. When peace 
comes, Universal Microphones, with many innovations 
of design and accoutrements, will enter upon the post- 
war scene. Universal includes among its electronic com- 
munication components, in addition to microphones: 
Plugs, Jacks, Switches, and Cord Assemblies. 
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Technical Methods 


Presented in the hope that they will oun | 
prove interesting and useful to you. 





Precision Ground Glass Gages | 
Afford Visibility in Inspection 2 


In the hands of the skilled mechanic, glass gages 
bring an important plus function to precision gages. 
It not only checks the new tool's size, but gives the 
inspector an idea of what kind of surface to expect 
from that particular tool. The visibility permitted 
by the glass gage allows the inspector to see the 
surface in blind holes as well as through holes. 

Some of the apparent advantages of the glass 
gage follow: Glass gages afford visibility in inspec- 
tion. Glass gages are not subject to corrosion. 
There is less tendency to gall in some applications. 
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Glass gages are not subject to 
corrosion or rust 


Sense of feel is more pronounced when using glass 
gages. Because the thermal conductivity of glass is 


less than steel, body heat of inspectors will not be 
transmitted so rapidly to the gage to affect gaging 


dimensions. 


Chewing gum, too, is really useful and helpful 
in these tense times to people who are working on 
the production front making material for our war 
effort. But, our Armed Forces have been constantly 
increasing their demands for Wrigley’s Spearmint, 
Doublemint and Juicy Fruit. It is only natural that 
we and you both feel that the needs of our fighting 


men and women come first. 


You can get complete information from 
Industrial Glassware Division of the 
T. C. Wheaton Co., Millville, N. J. 











Visual inspection of surface | 
coincident with inspection 
for size. 
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Systems—A. H. Taylor- -Proceedings IR} 
June 1919, page 261. : 
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page 117. : 
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Heterodyne Method of Reception—G, W 
O. Howe—Proceedings IRE, Oct. 19i8 
page 275. : 
A Study of Heterodyne Amplification of 
the Electron Relay—E. H. Armstrong— 
Proceedings IRE, April 1917, page 145, 
The Uni-Control Receiver—R. E, Thomp- 
son—Proceedings IRE, Oct. 1916, page 
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Some Direct Current Sets—B. Washington 

Proceedings IRE, Aug. 1916, page 313, 
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maker—Proceedings IRE, Aug. 1916, page 
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Development of the Heterodyne Receiver 
—J. L. Hogan, Jr.—Proceedings IRE, 
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[Conclusion] 


“MANPOWER, MUSIC AND 
MORALE”’ 


A plan for helping personnel relations 
achieve more effective personal relations 
in war production activities is outlined in 
a booklet just published by the RCA In- 
dustrial ‘and Sound Department. 

A well planned blending of manpower, 
music and morale is discussed in a pic- 
torial round-the-clock exposition. It shows 
how an internal broadcasting system is a 
direct communication line to each employee, 
and how plant broadcasting helps build and 
maintain good morale, saves valuable time, 
simplifies plant administration, improves 
productive efficiency and creates good will. 

The booklet, titled “Manpower, Music 
and Morale,” describes, among other things, 
a new type of pre-installation service=a 
scientific sound survey by expert RCA en 
gineers. Among features which are care- 
fully explained are RCA’s industrial music 
library service, a proposed training pro- 
gram available for plant broadcasting sys 
tem directors, and details of planned psy- 
chological surveys to study employee re 
action to music in industry. 

Impartial surveys are quoted as disclos- 
ing that carefully planned plant broadcast- 
ing of music, during working hours and 
during lunch and rest periods, lifts the 
spirits and re-energizes men and women— 
especially those engaged in repetitious oper 
ations. 
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TEAM BEHIND THE BOMBER TEAM 


Quality That Serves the War Shall Serve the Peace 



























Sylvania assembly teams compete with each other. 
But the champion in accuracy always takes pre- 
cedence over the champion in speed. 


This teamwork is just another example of how 
Sylvania maintains radio tube production at the 
highest standard of quality anywhere known. 


You can sell Sylvania Radio Tubes with complete 
confidence. 


RADIO DIVISION 


SYLVANIA 


ELECTRIC PRODUCTS INC. 


RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES, INCAN- 
DESCENT LAMPS, FLUORESCENT LAMPS, FIXTURES AND ACCESSORIES | 
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Dumont Electrolytic 


tubulars for the 
duration have the 
following special. 
features..and are 
guaranteed to 
give the same high 

. quality perform- 
ance for which all 
Dumont Electroly- 
tic Tubulars have 
a reputation. 


NEW 






















SELF HEALING] BUY 
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LONG LIFE ane 


ECONOMICAL 











VARNISHED TUBES 
DOUBLE SEALED 
SMALL SIZE 

FULLY GUARANTEED 


Patent Pending 


DUMONT 


EVECTRICCE 


CAPACITORSFOR EVERY REQUIREMENT 








34 HUBERT STREET 
NEW YORK, N. Y. 
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This Month 


[Continued from page 42] 


intervals but with no set publication date. 

Micro Topics is now on its second year 
of publication as a bi-weekly employees’ 
journal. The jobbers’ edition will be sepa- 
rate and distinct from the house organ. 

Editorial supervision will be under Dr. 
Ralph L. Power, Los Angeles radio coun- 
sellor. Mailing will be to jobbers and to 
others in the electronics field who request 
the edition. 


SKILLIN MADE V.P. 


Mr. Harold W. Harwell, President of 
Great American Industries, Inc., Meriden, 
Connecticut, announces the appointment 
of Mr. Walter F. Skillin as vice-president 
of the corporation. Mr. Skillin, formerly 
chief engineer for Chandler-Evans Di- 
vision of Niles-Bement-Pond Company, 
South Meriden, Connecticut, assumed his 
new post February 1, and will be located 
at the general offices of the corporation 
in Meriden, Connecticut. 


FACTS ABOUT PLASTICS 


A new, twenty-four page, non-technical 
booklet covering all types of plastics, their 
uses, and general information on the plas- 
tics industry has just been released by The 
Richardson Company, Melrose Park, Illi- 
nois. 

This illustrated book explains the- host 
of properties which fit Insurok and other 
plastics to the wide range of present and 
postwar uses. The limitations of plastics 
are also covered. 

The two main groupings of plastics, 
thermosetting and thermoplastic, are de- 
scribed and illustrated in layman’s lan- 
guage. Special sections are devoted to the 
forms of plastics, laminated and molded. 
The manufacturing and production proc- 
esses of each are well illustrated. 

The book is designed primarily for the 
non-technical man who may be serving on 
his company’s postwar product committee 
and is desirous of obtaining a general 
knowledge of plastics and their applications. 
Copies are available only to those who 
write for them on their company letter- 
head to: The Richardson Company, De- 
partment 100, Melrose Park, Illinois. 


G.E. APPOINTS WILLIAMS 


E. E. Williams has been appointed Sales 
Manager of the Laboratory and Measur- 
ing Equipment Section of the General 
Electric Specialty Division, which is a 
part of the company’s Electronics Depart- 
ment. Mr. Williams will have his head- 
quarters at Schenectady. 

In his new capacity, Mr. Williams will 
be responsible for the sale of laboratory, 
electronic measuring and test equipment, 
and will continue in charge of certain mili- 
tary radio subcontracts. 


TUTTLE TRANSFERRED 


James Tuttle, former manager of RCA 
Victor Distributing Corporation of Chi- 
cago, has transferred to the general pur- 
chasing department of the RCA Victor 


MAY, 








Division. According to Fred Wilson, Gen. 
eral Purchasing Director, Mr. Tuttle be. 
comes a field procurement specialist oper- 
ating out of Chicago headquarters, 





WILLIAMS TO WAR WORK 


J. M. Williams, RCA Victor's Record 
Advertising Director, has transferred to an 
important war work assignment with the 
Company. He will resume his direction of 
the Company’s record advertising when the 
new assignment is completed. In the mean. 
time, J. L. Hallstrom will direct RCA Vic. 
tor’s record advertising and sales promo. 
tional activities, in addition to retaining his 
duties as record Merchandise Manager, 


G. E. NAMES BENNETT 


Howard W. Bennett has been made 
Manager of the Specialty Division of 
the General Electric Company’s Electron- 





Howard W. Bennett 


ics Department, according to an announce- 
ment by Dr. W. R. G. Baker, Vice Presi- 
dent in charge of the department. In this 
capacity, Mr. Bennett will be responsible 
for the engineering, manufacturing, and 
sales operations of that division. 


NEW RCP CATALOG 


Just off the press is the new Radio City 
Products Catalog No. 128 describing this 
manufacturer’s wide range of standard 
commercial testing instruments. Many of 
the models illustrated are now being used 
by the Armed Forces. ; 

In this RCP Catalog are included vari 
ous types of multitesters, vacuum tube 
testers, insulation testers, electronic volt- 
meters, limit bridges for precision resist- 
ance testing, combination tube, battery and 
set testers with. plug-in analyzer units, 
volt-ohm-milliammeters, signal generators, 
push button analyzers—a comprehensive 
range of testing instruments to meet the 
requirements of all kinds of production 
testing, laboratory, and shop purposes. 

Copies of the catalog may be had on 
request to Radio City Products Co., Inc, 
127 West 26th St., New York 1, N. Y. 
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Radio Products Company, 


846 Orleans Street, Chicago 10, Illinois 








There is a. piece of the stratosphere just 
beyond that glass door. The air pres- 
sure is less than one-fourth of normal 
air pressure. And the temperature is 70 
degrees below zero. 


The Utah parts being tested are 
proving that their performance will be 
“as specified,’’ whether they are to‘oper- 
ate on the ground or high in the air. 






140° cooler inside 


This and other tests which parts 
undergo in the complete Utah laboratory 
are particularly important in adapting 
the new electronic and radio develop- 
ments—in making them militarily and 
commercially, usable—now, and to- 
morrow! io ode 


Every Product Made for the Trade, by 
Utah, Is Thoroughly Tested and Approved 
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FINE 
COMB 


Ever vigilant, Lafayette Radio 
Corporation’s tracers fine-comb 
the field for radio and electronic 
components and equipment. We 
deal only with top-flight manu- 
facturers, so quality and perform- 
Gnce are assured. And the accent 
throughout is on Service. Wher- 
ever possible, same-day deliveries 
are maintained. If technical and 
priority problems perplex you— 
we've got 25 years of experience 
behind us to help pull you 
through. Call, write, wire, or tele- 
type—either to Chicago or Atlanta. 
Orders, in any quantities, filled 
from both cities. Note: we build 


equipment to specifications. 


Write or wire Dept. F-5 for our new 8 page 
circular listing merchandise available for imme- 
diate delivery. All of this material is subject 
to prior sale. 


af you live in or near one of the 25 
Hleed bank center cities, call the 
Red Cross today fer an appoint- 
ment. .cecee Your blood ix needed. 


Lafayette 


901 W. Jackson Bivd. 
CHICAGO 7, ILLINOIS 


265 Peachtree Street 
ATLANTA 3, GEORGIA 
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[Continued from page 38] 


ohm, normal accuracy is 0.3% or better. 
Low-resistance measurements using the 
Kelvin range utilize current and potential 
terminals to eliminate lead and contact re- 
The accuracy of Kelvin meas: 
urements at ranges lower than 0.1 ohm is 
on the order of 3%. 


sistance, 


The rheostat is vari- 
ohm for Wheatstone 
bridge measurements, and 1 micro-ohm for 
Kelvin bridge measurements, Separate keys 
are provided for the battery and galvan- 
ometer circuit. Accuracy of component re- 


able in steps of 1 


sistors is 0.1% except the 1 ohm resistors 
which have an accuracy of 0.25%. Built- 
in galvanometer has a sensitivity of 0.25 
microamperes from millimeter deflection. 
lull details will be sent on 
the Shallcross Manufacturing 
Jackson & Pusey Avenues, 


Pa. 


request to 
Company, 
Collingsdale, 


MIDGET TRANSFORMER 

A transformer that compares in size 
with an ordinary cigarette has just been 
announced by the Acme Electric & Manu- 
facturing Co. of Cuba, New York, for 





certain electronic applications. This trans- 
former in an aluminum case is only one 
inch in diameter and 1-7/16” in height 
overall. The weight is approximately 2 
Rated at 1.4 henries at 0.25 am- 
peres direct current, with a resistance value 


| of 100 ohms. 
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V-T VOLT OHMMEGGOR 


Radio City Products Model 665 pro- 
vides insulation testing at 500 volts up to 
10,000,000,000 ohms (10,000 megohms, 
with two other unique features—a compre- 
hensive electronic multitester, and a capa- 
city meter measuring from 0,0000025 to 
2,000 mf. 

The V.T. Volt Ohmmeggor Insulation 
Tester Model 665 includes a VR-105-30 
voltage regulator tube and its associated 
circuits, 13 a.c. and voltage 
measuring from a fraction of a volt tu 
6,000 volts, with 29 ranges. 

The instrument is direct reading—com- 
plete, ready to operate—with high voltage 
test leads, r.f. lead; signal-tracing probe. 
Vacuum tube voltmeter on all ranges—in- 
put resistance 16 megohms maximum. V.T. 
Ohmmeter—7 ranges to 1,000 megohms. 

Model 665 is described in further detail 
in the new RCP Catalog No. 128, available 


d.c. scales, 
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on request to Radio City Products Com. 
pany, Inc., 127 West 26th St., New York 
se = 2 


CE-29 PHOTOTUBE 


Continental Electric Company, Geneva, 
Illinois, announce the production of a new 
improved type of blue sensitive phototube 
using an octal five-pin base, interchange- 
able with similar tubes produced by other 
manufacturers. This tube is dimensionally 
similar to the CE-30 which was introduced 
a few months ago and which has become 
very popular in industry. With these two 
tubes, it is, therefore, possible to convert 
an equipment from being red-sensitive to 
blue-sensitive and vice versa by simply 
interchanging the phototube. 

The CE-29 is of short, sturdy, construc- 
tion and is particularly sensitive to blue 
and violet light near the short wave-length 
limit of visibility. It is, therefore, par- 
ticularly useful with light sources rich in 
violet, blue, and green light. In many ap- 

[Continued on page 56] 
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ANDREW Coaxial Cables for the famous HALLICRAFTERS SCR-299 


ANDREW Coaxial Cables are standard equipment on the Hallicrafters- 
built SCR-299: the mobile communications unit that is doing such an 
outstanding job on the fighting fronts. It is highly significant that 
ANDREW Coaxial Cables were chosen as a component of this superb 


communications unit. 


The Andrew Company is a pioneer manufacturer of coaxial cables and 
accessories. The facilities of the Engineering Department are available 


to users of radio transmission equipment. 


mm) = 
ANDREW CO. 












COAXIAL CABLES. the Andrew Company is now able to supply standard 70 ohm 


%/," soft temper coaxial cable. in lengths up to 4,000 feet! The cable is electrically - 


identical to rigid cables, of equal size,-but has these extra advantages: the cable may be 
uncoiled and bent by hand, thus greatly simplifying installation; no connectors, junction 


boxes or expansion fittings need be installed in the field; thus a big saving is made in. 


installation time and labor. 


DRY AIR PUMP. This hand-operated pump deichty; efficiently and economically 
dehydrates the air inside coaxial cables, in addition to having a multitude of other 


applications, It dries about 170 cubic ft. of free air, reducing humidity from 60% to 10%.. 
GAS-TIGHT TERMINAL. The new Andrew glass insulated ‘terminal is an out- 


standing development that provides a 100% air-tight, gas-tight system for’ gas filled 
coaxial cables. A special ‘design that minimizes shunt. capacity makes. this terminal 
ideally suited to high frequency operation. 


COAXIAL ANTENNA. Suitable for fixed station use oud prétuned at the ‘essen to 
the desired operating frequency, the Andrew type 899 vertical coaxial antenna provides 
an efficient, easy-to-install, and inexpensive half-wave radiator in the frequency range 
from 30 to 200 MC. Careful engineering: has utilized to the utmost the well known 
advantages of the coaxial antenna over other types of vertical half-wave antennas, 


* - 
CATALOG DESCRIBING COAXIAL CABLES AND ACCESSORIES FREE ON REQUEST. 
WRITE FOR INFORMATION ON ANTENNAS AND: TUNING AND PHASING EQUIPMENT. 








THE ANDREW COMPANY °* 363 EAST 75TH STREET * CHICAGO 19, ILLINOIS 


* MAY, 1944 
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plications this tube will possess advantages 
even with light sources which produce con- 
siderable red and infra-red light. Though 
the CE-29 is not sensitive to red and 
infra-red light, its basic sensitivity on an 
energy basis is at least ten times that of 
conventional — red phototubes. 
RMA _ spectral sensitivity designation is 
S-4. Several other types with different 
dimensions will be available in the near 
future. 

Complete technical data is given-in Bulle- 
tin #PCI5 which will be sent on request. 


- sensitive 


MULTI-SOCKET WRENCH 


Having the same approximate dimen 
sions as a single socket wrench and with 
very little additional weight, the new Tesco 
Multi-Socket Wrench automatically ac- 
commodates #10 standard, #12 standard, 
1%" standard and light, and 5/16” light 
hexagon nuts. Merely by pressing the 
wrench over any of the three sizes of 
nuts automatically selects the proper nested 


hexagonal tube suited to that particular 
nut. 
By no means a “gadget,” the Tesco 


Socket Wrench is specifically designed for 
heavy duty service. 
any incident 
transferred to the 


Its design is such that 
to turning a nut is 
outer hardened-steel 
It is also designed to provide a 
clearance through the barrel for studs up 
to 514” length, thus making it adaptable 
to turning nuts on long studs. Both handle 
and barrel have moulded insulation capable 
of withstanding a dielectric test for one 
minute at 5,000 volts rms. 

The wrench is practically unbreakable, 
the handle being a die cast aluminum mem- 
ber pressure-moulded to the hexagon steel 
barrel. 


stress 


casing. 


Descriptive literature will gladly be sent 
on request to the manufacturer, The Eas- 
tern Specialty Company, 3617-19 North 
8th St., Philadelphia, Pa. 


FACTS ABOUT PLASTICS 


A new, twenty-four page, non-technical 
booklet covering all types of plastics, their 
uses, and general information on the plas- 
tics industry has just been released by The 
Richardson Company, Melrose Park, Illi- 
nois. 

This illustrated book explains the host 
of properties which fit Insurok and other 
plastics to the wide range of present and 
postwar uses. The limitations of plastics 
are also covered. 

The two main groupings of plastics, 
thermosetting and thermoplastic, are de- 
scribed and illustrated in layman’s lan- 
guage. Special sections are devoted to the 
forms of plastics, laminated and molded. 
The manufacturing and production proc- 
esses of each are well illustrated. 

The book is designed primarily for the 
non-technical man who may be serving on 
his company’s post-war product committee 
and is desirous of obtaining a general 
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knowledge of plastics and their applica, 
tions. Copies are available only to those 
who write for them on their company |¢t. 
terhead to: The Richardson Company, De. 
partment 100, Melrose Park, Illinois, 





Orrin E. Dunlap, Jr., recently appointed 
director of advertising and publicity for 
the Radio Corporation of America 





Horton H. Heath, who has been named 
assistant to the vice-president and gen- 
eral manager of the Nat’! B’casting Co, 





TECHNICANA 


[Continued from page 17) 





In the curves shown there is prac 
tically no frequency discrimination ex 
cept at the very low frequencies where 
the curve rises; this is due to phase 
shift in the feedback circuit. It 1s 
stated that a very large output can still 
be obtained if the tube is overbiased, 
the feedback reducing the resultant 
distortion. 

The filament winding of the output 
stage should be disconnected from the 

[Continued on page 64] 
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Three attitudes that hamper the War Effort 













IGNORING NATIONAL DESTINY 


Many men are solving the problems of 
war as they would ordinary business difficulties. 
Having solved them, they ignore the most 
important phase. Their attitude toward the 
war's meaning and its effect on national 
destiny is apathetic and disinterested. 





USING VITAL ISSUES TO 
PERSONAL ADVANTAGE 


To further their own selfish aims, many men 





seize upon vital issues to confuse and confound the 
average citizen. When the times call 
for statesmanship, America is treated to a sorry 
spectacle of demagoguery, greed, blocs, 


distortion, shrewd manipulation of emotions. 


















He Ms ch , \, 
PULLING IN DIFFERENT DIRECTIONS e-.  a y 2 
While commands in,various war theatres are , 4 “.: “a 4 aie 
being consolidated and strengthened, here at home [im 
there are men who have forgotten the unity after i net 
Pearl Harbor. Each is off on his own particular ie ge" 
project, seldom remembering that thousands NE 


of other men will die before the conflict is over. 


THERE 1S NO PLACE IN THE COUNTRY FOR SUCH MEN 


We of ECA are working not only to produce the materials of war but, like all good citizens, 
to help attain the objectives of the war. We know that we must be vigilant... especially so 
now. Men of evil intent have come out of hiding. In smoke-filled rooms attractive bargains are 
being arranged — with the “little people" included out. Energy which should be devoted to the 
support of the Commander-in-Chief, and those under him, is being used to stir up distrust and 
dissension. What appears to be overlooked is that the ultimate aim of victory is a decent world 
» +» Where men of good will live and work together with a full understanding of each other's needs 
and hopes and aspirations. We have already learned, the hard way, what isolationism and sel- 
fishness and disunity can mean. Must history again repeat itself? 





REPRINTS OF THIS ADVERTISEMENT AVAILABLE 


ELECTRONIC CORP. OF AMERICA 


45 WEST [8th STREET +» NEW YORK II, N.Y. WATKINS 9-1870 


GHAPPE-WILKES INC. 
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TABLE II 


























CURRENT CARRYING CAPACITY (Amperes) on 
Temperature | AWG. | AWG | AWG | AWG. AWG. | AWG. AWG. | AWG. 
Rise #14 #16 #18 #20 #22 #24 | #26 #28 
~ toc. | 150 uo | 80 60 | 45, i Rc eee es 
ac | 240 | 5 |. oS 8.5 6.5 4.8 3.5 26 
x°c. | 275 | wo | 10 | 110 8.5 6.3 4.5 34 





RADIO WIRE & CABLE 


[Continued from page 28] 


have safe current-carrying capacities 
approximately as shown in Table II. 

It is not intended that this informa- 
tion be utilized to full advantage as 
other factors such as different insula- 
tion materials, reduced radiation when 
cabled in harnesses, restricted venti- 
lation in conduits, etc. will influence 
the results. Liberal safety factors, in- 
sofar as possible, should always be ap- 
plied in design. 

Voltage Drop: — Another criterion 
which may influence the selection of 
conductor size is the voltage drop un- 
der operating conditions. In low-volt- 
age, high-current circuits containing 
long wiring runs such as often found 
in aircraft cable installations, this fac- 
tor may be more important than cur- 





Se 


rent-carrying capacity. Voltage drop 
when excessive can of course be re- 
duced to a practicable value by resort- 
ing to a conductor one or two sizes 
larger than necessary to carry the cir- 
cuit, current. 

Exact calculation of voltage drop is 
somewhat more complicated than at 
first realized. Cognizance must be 
taken of the increase in resistance with 
operating temperature according to the 
fundamental. relation : 


Ke = Ras (1 ot ato [t — th] ) 

where: FR; = resistance at operating tem- 
perature ¢° C. 

Rio = resistance at initial or ref- 
erence temperature f:° C. 
temperature coefficient of 
resistance at initial or ref- 
erence temperature (as se- 
lected). 


Qto 


The value of azo will depend upon the 
conductivity of the copper as well as 
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Performance Engineered Electronic Transformers 


THE ACME ELECTRIC & MANUFACTURING CO. « CUBA, N.Y. * CLYDE, N.Y. 
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upon the temperature ¢) but may be 
obtained from the equation: 





1 
ato — 
1 
—mamenmene te (th, —— 3 
n (0.00393 ) 
where n = per cent conductivity ex- 


pressed decimally (viz., 99% = 0,99), 
Using these formulas, it will be 
found that the resistance of copper 
will be over 20 per cent higher at 75°C, 
than at 20°C. Obviously, therefore, 
an appreciable error would be incurred 
if the voltage drop were calculated on 
the basis of constant resistance. Fig. 
4 illustrates the relationship between 
current and voltage drop for conduc- 
tors of sizes A.W.G. #14 to #22, as 
obtained by simple computation from 
measurements of current and resistance 
in the test described under “Current- 
Carrying Capacity” above. 
References 

1. “American Standard Definitions of 
Electrical Terms.” A.S.A. C42-1941. Pub- 
lished by American Institute of Electrical 
Engineers. 

2. “Copper Wire Tables.” Circular No. 
31. Bureau of Standards, Department of 
Commerce, Washington, D. C. 

3. “Introduction to A.I.E.E. Standards.” 
Journal of A.J.E.E., No. 1 (June 1940). 
Published by American Institute ‘of Elec- 
trical Engineers. 

4, “Determination. of Maximum Per- 
missible Current - Carrying Capacity of 
Code-Insulated Wires and Cables for 
Building Purposes.” NEMA Report, June 
27, 1938. Published by National Electri- 
cal Manufacturers Association, Washing- 
ton, D. C. 


HYTRON ADDS BEVERLY PLANT 

The oldest exclusive manufacturer of 
radio receiving tubes, and the first radio 
tube manufacturer to go into all-out War 
production, Hytron Corporation of Salem, 
Massachusetts, has increased its output 
more than five times since June, 1942. 
Over and over again it has been necessary 
to expand manufacturing facilities to meet 
the demands of the armed services. In 
addition to its large new plant at New- 
buryport, Massachusetts, Hytron recently 
acquired a feeder plant at Beverly, Massa- 
chusetts. 

The new plant at Beverly will employ 
several hundred persons concentrating 
upon the production of ‘electronic tube 
“mounts” (completed assemblies of im 
ternal parts). This plant will serve as 4 
“feeder” for the Salem factory. The 
Beverly location was chosen because of its 
proximity to both Salem and Newbury- 
port; and to tap a new source of labor 
supply. 
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OHMITE Design Makes the 


Everywhere ...on every battle front...and in 
the tools of Industry... you find Ohmite Rheo- 
stats doing critical control jobs. 

Permanently smooth, close control is built- 
in...to withstand shock, vibration, heat and 
humidity. Construction is compact... all 
ceramic and metal. There is nothing to shrink, 
shift or deteriorate. 

Illustrated in the cutaway above are many 
of the features which contribute to the con- 
sistent dependability of Ohmite Rheostats. 















VITREOUS 
ENAMEL 





CERAMIC CORE 
AND BASE 











_— SHUNT PIGTAIL 









NON-TURN 
PROJECTION 









SLIP RING 





Widest range of sizes—ten models from 25 
to 1000 watts, from 1%” to 12” diameter—in 
straight or tapered winding, in single or 
tandem assemblies—to meet every control 
need in the most advanced electronic devices. 


Write on company letterhead for complete, helpful 
96-page guide in the selection and application of Rheo- 
stats, Resistors, Tap Switches, Chokes and Attenuators. 


OHMITE MANUFACTURING COMPANY 
4868 W. FLOURNOY STREET, CHICAGO 44, ILLINOIS 


Be Right Wik OF ATT E Rheostats Resistors «Tap Switches 
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@ Eight selected capacitance values make 
up the Aerovox Victory Line of paper tubu- 
lars. Used individually or in combination, 
these values take care of upwards of 90% 
of usual paper capacitor replacements. 
Otherwise, these units are just the tried and 
proven Aerovox Type ‘84 paper tubulars. 
Non-inductive paper section Extra-wax- 
sealed. Colorful label jacket. Bare pigtail 
terminals that won't work lose. 









VICTORY LINE 
PAPER TUBULARS 


CAPACITY 
“01 mfd. 





@ Ask Our Jobber.. 


Ask for these Aerovox Victory paper tubulars. 
It will pay you always to have an assortment on 
hand. Ask for the latest Aerovox catalog—or 
write us direct. 








CHOOSING TUBE TYPES 
[Continued from page 31] 


required for an electron to travel from 
cathode to grid or plate. So long as 
the transit time remains a negligible 
fraction of one complete cycle of the 
signal voltage no bad effects are noticed. 
But as the transit time becomes an 


| approachable part of one cycle a phase 


shift between the signal voltage and 


| the charging current induced in the 





grid takes place. suppose the electrons 
travelled from the cathode to the grid 
in zero time. Then the charge in- 
duced on the grid by the electron 
stream would be in phase with the 
signal voltage impressed on the grid. 
Actually, it takes a definite time? 
for the electrons to reach the grid 
from the cathode, and the charge in- 
duced on the grid by the electron stream 
reaches its maximum at a later time 
than the maximum of the signal volt- 
age. A phase difference therefore ex- 
ists between the signal voltage and the 
capacitive charging current due to the 
electron stream. Energy is thus dis- 
sipated which must be supplied from 
the input circuit. The result is an in- 
crease in grid conductance or decrease 
in input resistance. 

The other component of the hot input 
conductance is due to cathode-lead in- 
ductance. See Fig. 2. This lead repre- 
sents an impedance at high radio fre- 
quencies and since in most applications 
the grid and plate circuits are both 
returned to the cathode it is apparent 
that an appreciable impedance is unde- 
sirable. Since the voltage drop due to 
the cathode current across this: im- 
pedance lags the signal voltage by 90° 
any current fed through the grid-cath- 
ode impedance will be in-phase with the 
signal voltage, because current through 
the grid-cathode impedance will lead 
the cathode by 90°. With both the 
signal voltage and the in-phase current 
variable, the input impedance will like- 
wise be variable. 

It is possible by the use of an unby- 
passed cathode resistor to neutralize 
the in-phase current fed back to the 
grid. The voltage across the resistor 


} is 90° out of phase with that across 


the cathode-lead and therefore 180° 
out-of-phase with the signal. When 
using an unby-passed cathode resistor 
it is important that the screen and sup- 
pressor circuits be by-passed or con- 
nected back to ground instead of to 
cathode since this element is no longer 
at ground potential. It should also be 
noted that the grid-cathode and grid- 
plate capacities now form a grid-plate 
feedback path since the cathode is 
above ground and obviously should be 
as small as possible. From the above 
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the importance of making all cathode 
return connections as close to the cath. 
ode pin as possible is clearly shown, 

The preceding discussion covers the 
most important limitations with regpeg 
to radio frequencies below approxi. 
mately 50 megacycles. Special consid. 
erations for operation at ultra-high 
frequencies will be discussed in more 
detail later. 


Tube Ratings 


The equipment designer should be 
guided by the published ratings of the 
tube manufacturer when specifying op. 
erating conditions for a new design, 
It is therefore important that the de. 
signer know under what conditions 
these ratings were established. First, 
it should be determined whether the 
published data are based on “absolute 
maximum” or “design-center maxi- 
mum” ratings. The absolute maximum 
ratings, as its name indicates, is the 
maximum voltage or current recom- 
mended under any possible condition of 
power supply input. Obviously this is 
only important when operating with 
the highest power line or battery supply 
voltage likely to be encountered in serv- 
ice. Under this rating some tubes have 
a factor of safety and a slight in- 
crease is permissible, however, many 
tubes do not have a comfortable mar- 
gin so it is good engineering practice 
never to exceed the maximum under 
any condition. 

The “design-center maximum” rat- 
ings are based on average or normal 
supply conditions. For a-c operated 
equipment in the United States this is 
117 volts. Variations of plus or minus 
10% are to be expected with ordinary 
commercial power lines and can be tol- 
erated without affecting tube life. 

Equipment powered by automobile 
storage batteries should use 6.6 volts 
input as the design-center. In this type 
of service it is found that variations 
are likely to exceed plus or minus 10% 
so a conservative design would limit 
the plate and screen voltages to 90% 
of design maximum. 

With the low current drain 1.4 volt 
tubes, the design should be based on 
1.35 volts for the filament or heater 
when operated in series from a 117-volt 
power line. Under no circumstances 
should the filament be subjected to over 
1.6 volts. Ina series filament arrange- 
ment precautions must be taken to “by- 
pass” the space current, since this auto- 
matically adds to the filament current 
in series type of operation. This may 
readily be accomplished by the use of 
bleeder resistors across the filaments 80 

[Continued on page 6] 








? About 10° seconds for ordinary receiv 
ing tubes under normal operating condi- 
tions. 
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TRE ANSWER. 


TO TODAY'S 
PROBLEM - 





RACONs...the leading 


speaker line...for all types 
of sound installation! 


Most of the best industrial p. a. installations in use are RACON speak- 
er equipped. They are the finest speakers made and there is a type 
for every conceivable application. 


For Marine p. a. installations, too, RACON leads. Approved by the U. 
S. Coast Guard, RACON speakers are used aboard Army and Navy 
vessels, Only RACON can supply, when needed, patented Weather- 
proof, Stormproof Acoustic Material which is impervious to any 
weather condition and prevents resonant effects. 


WPB will now accept applications for industrial war plant sound in- 
stallations. Use WPB Form 617. Specify RACON’s. 


Left: MARINE HORN 
Speaker, approved by the 
U. S. Coast Guard. Sev- 
eral sizes available, 
Stormproofed, of the re- 
entrant type, suitable for 
indoor or outdoor use— 
may be used as both 
speaker and microphone. 
Right: RE-ENTRANT 
TRUMPET; available in 
314’, 41%’ and 6’ sizes. 
Compact. Delivers highly 
concentrated sound with 
great efficiency over long 
distances, 








RACON ELECTRIC CO. 52 EAST 19th ST. NEW YORK, N. Y. 
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CHOOSING TUBE TYPES 
[Continued from page 60] 


affected. With battery operation of the 
the filaments in parallel, the circuit con- 
stants should be chosen to give accept- 
able performance when the voltage 
per cell has decreased to 1.1 volts. This 
voltage is considered the end of life of 
the cell. Plate and screen battery volt- 
ages should never exceed 10% over 
normal published values. 

After the ratings have been deter- 
mined as being design-center or abso- 
lute, the next step is to decide on 
whether the design will be for continu- 
ous or intermittent service. Tubes for 
transmitter service in particular, be- 
cause of the high power involved, are 
‘given two ratings. These are known 
‘as CCS (continuous commercial serv- 
ice) and ICAS (intermittent commer- 
cial and amateur service). Communi- 
‘cation equipment is usually designed 
jaround CCS ratings since they have 
‘been chosen for reliability of perform- 
jance under continuous operation and 
}are more nearly representative for this 
| type of service. The ICAS rating as- 
lsumes intermittent operation of ap- 
proximately 5 minutes on and 5 minutes 
off, with a maximum of power output 
for a minimum physical size being of 
more importance than long life. 

Ratings of tubes for rectifier service 
are based on fundamental limitations 
in the tubes themselves. In general 
these include factors such as the maxi- 
mum peak inverse voltage, maximum 
peak current and the maximum d-c out- 
put current. In some cases it is per- 
missible to increase the d-c output volt- 
age over the rated value providing the 
output current is reduced in proportion. 
The tube manufacturer should be con- 
sulted however, unless the proposed 
increase is small. 

A list of references will appear at the 
end of Part 2. 


WESTINGHOUSE APPLIES FOR 
TELEVISION LICENSES 

Application for licenses for three tele- 
vision broadcasting stations, to be built at 
Philadelphia, at Boston, and at Pittsburgh 
as soon as critical materials are available, 
have been filed with the Federal Com- 
munications Commission by Westinghouse 
Radio Stations, Inc., Lee B. Waiies, gen- 
eral manager, has announced. 

Establishment of television stations in 
these cities, he said, will entail construc- 
tion of new studios, transmitters, and other 
facilities as additions to three of the com- 
pany’s “standard” broadcast outlets—K YW 
in Philadelphia, KDKA at Pittsburgh, the 
nation’s first radio station broadcasting 
scheduled programs, and WBZ at Boston. 
Two floors of television studios built in 
1938 at station KYW await only the re- 
‘ease of critical materials for completion. 

Mr. Wailes suggested that future tele- 
vised programs, in-addition to those orig- 
inating as “live” shows in local studies, 











would include motion pictures and “pick- 





ups” of outside events, such as foo 
games, parades, and other public gather. 
ings. He based his conclusions on a study 
of television techniques and Program 
sources. 


SYLVANIA EXPANDS 


A two-story brick addition, now under 
construction, will add 18,000 square feet of 
floor space to the Mechanical Design and 
Equipment Development Section of Syl. 
vania Electric Products’ radio division 
home plant in Emporium, Pa., it was ap. 
nounced recently. 

Completion of the addition is schedule 
for late spring, under the contract let tp 
Hughes Foulkrod Company of Philadg. 
phia. Construction will be supervised by 
Sylvania. The addition will be paid fo 
by the United States Navy. 


TELEVISION IN INDUSTRY 

Disclosure of potentialities of television 
as a new and effective aid to industry after 
the war Ralph R. Beal, Assistant to the 
Vice President in Charge of RCA Labor. 
atories, told members of the Engineering 
Society of Detroit of the imminent expan- 
sion of this promising art and science, 

Mr. Beal envisaged television as the 
“means of coordinating activities jn 
giant manufacturing plants and also of 
peering into places and _ situations that 
might be inaccessible or extremely hazard- 
ous to man.” 

“We know now,” the research engineer 
said, “how it can be used to extend the 
eyesight of the plant manager to critical 
operations that ordinarily would require 
much time and effort to reach for personal 
inspection or which might even be inac- 
cessible—how television can aid immeas- 
urably in plant control. 

“Television cameras at strategic points 
can be connected by wire to receivers 
where production experts, foremen and 
supervisors can follow the flow of fabri- 
cated or raw materials and watch the prog- 
ress of the work. Such setups will be 
particularly valuable in mass _ production 
assembly lines, and they may be extended 
to include loading platforms and shipping 
rooms.” 

According to Mr. Beal, television can- 
eras may be used in connection with chem- 
ical reaction chambers, making visible to 
the operator without personal risk the 
chain of events occurring in complicated 
chemical production units, and thus enable 
him to control the process with optimum 
results. He said specially-built cameras 
may be used in furnaces to observe steps 
in the formation of alloys, and others may 
solve vital problems of analysis in im 
portant industrial processes. 

“In addition,” Mr. Beal stated, “tele 
vision equipment may facilitate port move 
ments of ships. The cameras located fore 
and aft, and on port and starboard sides 
of vessels, could lessen the hazards of 
docking and insure safety in crowded ship 
ping lanes. 

“We likewise foresee the use of tele 
vision in metropolitan traffic control 
along congested motor routes. Cameras 
may be installed permanently at busy inter 
sections to flash to traffic headquarters 
running, up-to-the-minute picture accounts 
that should greatly aid traffic experts @ 
easing congestion.” 


” 


MAY, 1944 * 











’ under 
eet of 
80 and 
of Syl 
division 
vas an. 


leduled 
t let to 
hiladel. 
ised by 
aid for 








levision The Kaar11-X receiver is installed 
Y alter beneath the dash, and held se- 
to the curely by bolts through firewall. 
Labor. 
neering 
expan- 
nce, 
as the 
les in 
ilso. of 
is that 
hazard- 
ngineer 
nd the 
Critical 
require 
ersonal 
e inac- 
nmeas- 
points 
ceivers 
nn and 
fabri- 
€ prog: 
ill : * 
re For simple servicing, such as the replacement of For complete servicing, the entire chassis can be 
tended tubes, the dust cover is removed by releasing two removed from the vehicle by releasing four snap 
hipping convenient snap catches. Takes but a moment. catches. All wiring is instantly accessible. 
n cam- 
chem: 
ible t FOUR CATCHES EXPOSE ENTIRE 
sk the 
ist’ | UNDERCHASSIS FOR SWIFT SERVICING 
enabie 
timum ; ee 
ameras There is no “get out and get under” _tinual background noise jangles the 
ee when it comes to servicing or check- _ nerves. ENGINEERING CO. 
am ing Kaar receivers...they can be lifted The 11-X is operated by a control 
"7 : ‘clei : nae 3 Breet PALO ALTO « CALIFORNIA 
out ofa vehicle in a matter ofseconds. unit which can be mounted on the 
“tele In fact, the speed with which they can _underlip of the dash. This unit con- OR, 
, s : ‘ “ - . e Oe —— oe, 
ia be serviced is one of their most popu- _ tains a jewel light to indicate when 
1 sides lar features. receiver is on,a squelch circuit switch, Manufacturers of high grade 
rds of Another is the no-signal squelch and a combination volume control mobile and central station 
io circuit which automatically silences | and power switch. RADIOTELEPHONE EQUIPMENT 
f tele: the receiver except when a call is ac- The Kaar 11-X receiver is crystal AND ACCESSORIES 
ol and tually being received. This is a bless- | controlled, and may be tuned for any — 
a ing in military, civil, or private radio- frequency from 1600 to 2900 KC.* Export Agents: 
sarters telephone communication, where a (For frequencies between 30-40 MC. FRAZAR & HANSEN 
counts wavelength must be guarded andcon- _ specify the Kaar PRS-9X.) 301 Clay Street 
rts it ‘ San Francisco 11, California, U.S.A. 
*Special ranges to 7000KC available on special order. 
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Have You #4 
SEQUENCE 


. - + Perhaps This 20 Milli- 
watt Sensitive Aircraft 
Time Delay Relay Is Your 
Answer. 





* 
TYPE SFMD 7p 


MAKE-DELAY 
0.2 SEC. 
INPUT 


SERVICE. 


* 


All Sigma Type 5 Sensitive 
Relays can be furnished with time 


delay features. 


A delay on “Make” of 0.2 sec. 
or somewhat more on “Break” can be 
provided with a power input (for Air- 
craft Service) of 20 milliwatts. This 
extra input power is necessary because 
of the fact that much of the coil 


space is occupied by copper slugs. 


In contemplating the use of this 
type of relay, it is well to note that the 
better regulated the power source, 
the more precise the time interval. 
For maximum delay, the current sup- 
plied should be not over 10° % greater 
than that required to just energize 


the relay. 


Furnish us with complete details 
regarding your requirements (a ques- 
tionnaire is enclosed with our printed 
data to facilitate this) and be assured 
of best possible solutions 
to your sensitive 

relay problems. 


Sigma Instruments, 1X6 


(“CnrLlwvse. RELAYS 


66 CEYLON STREET 
BOSTON 20, MASS. 








TECHNICANA 


[Continued from page 56] 


filament circuits of the other tubes be- 
cause the large voltage fluctuation of 
the cathode might otherwise damage 
the insulation between the filament and 
cathode. Evidently any tube, pentode 
or triode, can be used, the main re- 
quirement being a high transconduc- 
tance. 


FREQUENCIES FOR TELEVISION 
* With the preparation for post-war 
television service, the choice of the 
best carrier frequencies to be used is 
again a problem of the day. The Wire- 
less World for April, 1944 contributes 
an unsigned article discussing this 
problem. 

First we must make up our minds, 
says the author, whether we want a 
long-distance or a local service. Since 
a long-distance service would require 
the use of the ionosphere as a trans- 
mission medium, and since the iono- 
sphere is subject to variations which 
would distort the picture, the service 
will have to be “local”. 

In this local service it will be neces- 
sary not to interfere with others at a 
distance, meaning that we must choose 
frequencies which are higher than any 
which would be returned to earth by 
the ionosphere at any time of the day 
or night, or at any season or at any 
period of the sun-spot cycle. To find 
the lowest frequency which is just high 
enough that it will not be returned to 
earth under any of these conditions 
there are considerable data to guide 
us. 

The television signals of Great 
Britain were received at Riverhead, 
L. I. during the winters of 1936-1937, 
1937-1938 and 1938-1939, the most ac- 
tive time of the sun-spot cycle. The 
wave was probably reflected twice by 
the F2 layer. Examining the report of 
these transatlantic receptions, it is 
shown that the reception was only dur- 
ing the winter time and that the sound 
channel, 41.5 mc was received over a 
much longer season than the video 
channel at 45 mc. Also, it was shown 
how the reception. became less fre- 
quent when the sun-spot activity began 


| to decrease. This appears to indicate 


that 45 mc is near the maximum fre- 
quency which could thus be reflected 
by the ionosphere. 


The records made at Washington 
for the maximum useful frequencies 
(MUF) at different times are another 
source of information. In November 
and December, 1937, the critical fre- 
quencies were higher than at any other 
time. The average over a month of 
critical frequencies for the F2 layer, 
for a distance of 3500 km was 43 mc. 
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Allowing a maximum variation of 
15% about this figure gives us a maxi- 
mum frequency of 49.4 mc. Therefore, 
50 mc seems to be the lowest safe fre. 
quency to use if reflection from the 
ionosphere is to be avoided. 

There still are sporadic reflections 
from the E layer to be considered, 
Past evidence indicates that such te 
flections become rarer at higher fre. 
quencies and that in any case it would 
be unlikely for a 50 mc signal to be 
reflected twice which it would have ty 
do to bridge the Atlantic. 

The article further points out that 
the working radius of a television st. 
tion is not restricted to the optical 
range. The increased range is due tp 
the refraction of the space wave in the 


[Continued on page 72} 





Do You 
Need 
Trained 


Help? 


For many years we have been 
training and placing men for 
electricity, radio, and electronics. 
Write and tell us about the jobs 
you have open. Whether in im- 
mediate need of help or not, 
registering your company with 
our Placement Service gives you 
first choice of available National 
trained men in your vicinity. 


NATIONAL SCHOOLS 


Established 1905 
4000 South Figueroa Street 


Los Angeles 37, California 
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Wanted 
ENGINEERS 


* Radio 

¢ Chemical 

¢ Electrical 

¢ Electronic 

¢ Mechanical 

¢ Metallurgical 

¢ Factory Planning 

¢ Materials Handling 

¢ Manufacturing Planning 


To be used in connection with the manu- 
facture of a wide variety of new and ad- 
vanced types of communications equip- 
ment and special electronic products. 


Apply for write), giving 
full qualifications, to: 


Cc. R. L. 
EMPLOYMENT DEPARTMENT 


Western Electric Co. 
100 CENTRAL AV., KEARNY, N. J. 


Applicants must comply with WMC regulations 
SN oR RR IHR 








Try Leo 


For HARD-TO-GET 
RADIO PARTS 


wets 

YOU'LL be surprised when you see 
the many hard-to-get parts I’ve been 
able to obtain for you fellows. They're 
yours as long as they last. My many 
years of experience and friendly con- 
nections work for your benefit. 


Write today for my latest flyer. It’s 
crammed with merchandise you've been 
trying to get. Stock won't last long, 
so send today. 


FREE MAP! Big new radio reference 
map, yours free. Send 15c for packing, 
mailing. 

HALLICRAFTERS. I've always been 
a big distrib- 
utor of Halli- 
crafter equip- 
ment. I'll buy 
used _ Halli- 
crafters, high- 
est prices. 
Other _ sets, 
parts too. 
Write, I'll 

quote. 
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WRITE TODAY 


Wholesale ; 


RADIO LABORATORIES 


740 W. Bdwy., Council Bluffs, lowa 
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UNIT SYSTEMS 
[Continued from page 24B] 


equations where they are required. If 
this system is completed to include 
units for all quantities, it will be a 
self-consistent system derived from the 
same defining equations as the cgs 
electromagnetic system. Therefore, an 
equation would not need to be changed 
when practical units are substituted 
for electromagnetic units, so long as 
all units are changed to the practical 
system. For instance, in the equation 
for induced e.m.f. 


d¢ 
Pee | ere (14) 


as 


The added factor here is due to the 
fact that the unit of flux in equation 
15 is still the maxwell or line which 
does not belong to the practical sys- 
tem. If the weber is used instead, all 
the units are from the practical system 
and the equation is the same as equa- 
tion 14. 

In the table, the column headed 
“practical units” refers to this Inter- 
national practical system. Some of the 
units were left out since no confirma- 
tion of their use could be found. 


MKS Units 


It was shown by Ascoli that the 
practical units could be extended to 
form a complete or comprehensive sys- 
tem in many ways, depending on the 
choice of the units of length and mass. 
The most promising of these, as 
pointed out by Giorgi, was the MKS 
system which uses the meter, kilogram 
and second as fundamental units. Here 
at last would be a system that could 
be used by physicist and engineer alike, 
a single system to be used universally 
henceforth and which would do away 
with all conversion factors. 

The MKS system or Giorgi system 
was adopted by the International Elec- 
trotechnical Committee at Scheven- 
ingen and Brussels in 1935. At that 
time the fourth fundamental unit had 
not yet been determined. In 1938, at 
Torquay, the fourth unit was agreed 
upon; it defined the permeability of 
space as 10-7 henry per meter. The 
question of rationalization was left un- 
determined. The system was to go into 
general use on January 1, 1940. Due 
to present conditions no further agree- 
ment was reached. 

Meanwhile, the system has been 
used in several books in this country. 





plications of radio should know it jy 
order to understand this literature, 

In the MKS system (the unratiop. 
alized system), the fundamental units 
are length, mass and time; therefore 
it is called an absolute system. It ig 
also a practical system, since it ¢op. 
tains the eight practical units. Mog 
units are no different from the g9. 
called practical units of the recent 
past, except that one must watch these 
quantities which used to be “per em of 
per cm?”, These are now “per meter 
and per meter?”. 

Since the MKS system is self-cop. 
sistent and derived from the same de. 
fining equations as the cgs_ electro. 
magnetic system, any equation remains 
the same in either system. Thus, any 
equation in any of the four systems: 
cgs electro-static, cgs electromagnetic, 
practical, and MKS unrationalized, can 
be transferred to any of the other of 
these four systems and thereby does 
not gain a proportionality or conver. 
sion factor. Of course, this applies 
only if all of the units are expressed 
in the same system and when the quan- 
tities «, and p. are inserted where they 
belong. 


Rationalization 

It will be seen on looking through 
the equations of column 3, that there 
are some constants in them. There is 
a 4 here and there; this factor arises 
out of certain geometrical problems in 
space and can hardly be avoided. In 
equations which have to do with fields 
and waves this factor occurs again and 
again, so that it would simplify mat- 
ters if it could be eliminated. 

Rationalization is the process ot re- 
moving the factor 44 from much used 
equations by changing the size of cer- 
tain units. However, the factor 4r 
will then occur in some other, less 
used, equations. 

In a system to be rationalized we 
can start out with the following re- 
quirements : 


Unrationalized Rationalized 
system system 
v = 47q = 6 .cves 
M = 47NI M=NI ...(I) 


Thus making the units of electric flux 
and magnetomotive force of a differ- 
ent size will fulfill our purpose. How- 
ever, now one must go through all the 
equations, making adjustments in the 
magnitudes of the units. This can be 
done in two ways; there are two ways 
of rationalization. In the first method, 
the factor 4x is kept out of «, and py 
and then comes into nearly every other 
unit. In such a system the size of many 
units is changed by the factor 


Vv 47 
[Continued on page 68] 
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UNIT SYSTEMS 
[Continued from page 66] 


The other method is called sub- 
rationalization. In a sub-rationalized 
system ¢, is multiplied by %m and p, 
by 4r. Then there are but a few units 
which are changed by the rationaliza- 
tion process. These are easily recog- 
nized in the table where the conversion 
factor is shown next to the MKS sub- 
rationalized units. 

By this définition, the MKS system 
is used in a sub-rationalized form. It 
is popularly spoken of as MKS-ration- 
alized, since many people do not make 
the distinction between rationalized 
and sub-rationalized systems. 

The cgs electromagnetic system is 
sometimes used in the rationalized 
form and is then called the Heaviside 
system. The symmetric system has also 
been rationalized and was then called 
the Lorentz system. 

In the MKS subrationalized system, 
some equations incorporate a 4 fac- 
tor which did not previously contain 
one. For instance, Coulomb’s laws be- 
come 








a Q2 

ee i 8 vk isawer steed (18) 
47 er’ 
M1, Me 

IY ee iain ise dings e's bua (19) 
47 pr’ 


where 
€ = ¢€,k. and ¢, = — X 10° farad 
367 per meter 
B= Mokm and Mo = 47 X 10° henry 
per meter 


Below are a few equations written 
in the different ways in which they 
occur when systems are changed. It 
is obviously beyond the scope of this 
article to show every equation that 
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could possibly be affected by sub- 
rationalization. The reader is referred 
to the bibliography below for such in- 
formation. 


A Universal Way of 
Writing Equations 


There has been some attempt to 
write equations so that they would be 





independent of any system. The same 
equation would hold in whatever sys. 
tem, including Gaussian or  ratiop. 
alized. An example of this is Cou. 
lomb’s law. 


a qdqe 
ra 47 er 


where the factor @ is a constant which 
varies with the system. For the MKS 
subrationalized system this factor 
would be unity but for all other systems 
of our table it would be equal to 4, 
A similar factor 8 is used for the mag. 
netic equation and still another fae. 
tor A in some others. However, the 
method does not seem standardized; 
many authors introducing this owy 
systems. 


Use of the Table 


This table was prepared for the pur- 
pose of giving the name and defining 
equation for each unit in six systems 
and to supply the conversion factor for 
all units from one system into any 
other. In order to save space, each 
conversion factor has been given but 
once. In other words, where it is 
shown in the conversion column that 
1 statvolt = c abvolts, it is not neces- 
sary to show the conversion factor in 
the other direction. To change from 
abvolts to statvolts one must, of course, 

[Continued on page 70] 
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TUBE ENGINEERS WANTED 


For Designe Development Processing Testing 


This is the chance you've been waiting for to become associated with a com- 
pany known in the industry and the armed forces for the top quality of its en- 
gineering. You'll be 100% in war work now... but there’s a peace-time fu- 
ture commensurate with your ability and initiative. 


If your education, experience and expected salary fit our specifications, 
you'll be welcomed by our present staff of engineers who not only know about 
this advertisement but also urge you to join with them in doing big things 
better with electronics. 


Write Today to 


RAYTHEON MANUFACTURING CO. 
Waltham, Mass. 


Att. Chief Engineer, Power Tube Division 
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Short of Help? 


Here’s one good way to hold those you still have! 


(to say nothing of doing your duty to your country) 


Just organize all your employees as active War Bond and Stamp sales 
solicitors! Put your whole establishment in the War Bond effort! 


You'll be astonished at the results. Astonished—and gratified! 


Once “Betty, the Bond Seller” comes to realize that she’s just as vital 
a part of the war effort as Rosie, the Riveter—or even more so—that 
restless urge to “do something for the war” will fade away. And 
Betty will regard her present job in an entirely new light. 


Don’t take our word for it! Check up against the experience of a 
national 5¢-10¢ chain which, through its hundreds of outlets, sold 
a total of $53,464,389 in War Bonds and Stamps in 1943. 


This chain reports that—entirely aside from doing its duty to our 
country—it has gained immeasurably in the regard of its employees, 
and of the communities it serves. Both of these have become convinced 
that this concern is wholeheartedly playing an important part in the 
war effort. And employee morale has been sharply increased through 
the pride and satisfaction its workers take in their War Bond work. 


So why not put in effect at once this simple means by which you can 
help yourself, help your employees, and help your country? 


War Bonds To Have And To Hold! 


LET’ 











HOW MANY BONDS 
ARE YOU SELLING? 


If your bond sales approach, or 
exceed, 250 pieces a month, and 
you are not already an Issuing 
Agent for United States War 
Bonds, we suggest that you dis- 
cuss this matter with your Fed- 
eral Reserve Bank. If your bond 
sales are running at a lower figure, 
your own bank of deposit can 
probably arrange to have you ap- 
pointed as a sub-issuing agent. 


of this message by 


S ALL BACK THE ATTACK The Treasury Department acknowledges with appreciation the publication 
WITH WAR BONDS! sia am 


This is an official U. S. Treasury advertisement—prepared under auspices of Treasury Department and War Advertising Cowncil 
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Thordarson’s new development, 
Transformer terminals in glass, 
finally and completely overcomes 
the dangers of break-downs caused 
by extreme humidity and myster- 
ious fungus growths which often 
attack electrical equipment. 


Ber ores = _ -_ 


The Thordarson principle of sealing terminals 
in glass is applicable, not only to small trans- 
formers, but for large power and filament 
eransformers, and reactors as well. 











TRANSFORMER DIVISION 
THORDARSON ELECTRIC MFG. CO. 


500 WEST HURON STREET, CHICAGO, ILL. 
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Prepare to get your “ticket”! 


HOW TO PASS 
RADIO LICENSE 
EXAMINATIONS 


By Charles E. Drew, 
LR.E., A.I.E.D, 


Here’s the quickest, 
surest way to get the 
information you must 
have in order to win 
that important “ticket.” 
Revised and brought 
right up to the minute, 
it covers every field of 
radio communication— 
transmission or recep- 
tion—whether in marine, aeronautical, 
police, or broadcasting. 

In easy-to-follow question-and-answer 
form, it explains Basic Radio Laws; 
Basic Theory and Practice; Radiotele- 
phone; Advanced Radiotelephone; Ra- 
diotelegraph; Advanced Radioteleg- 
raphy. 

The “Bible” of the Radio Field! 
Send for YOUR Copy Today 

Second Edition 320 Pages $3.00 





On Approval Coupon 


JOHN WILEY & SONS, Inc. 

440 Fourth Avenue, New York 16, N. Y. 

Please send me on ten days’ approval a copy 
of Drew's HOW TO-PASS RADIO LICENSE 
EXAMINATIONS. At the end of that time, 
if I decide to keep the book, I will remit 
$3.00 plus postage; otherwise I will retum 











UNIT SYSTEMS 
[Continued from page 68] 


invert the factor, so 1 abvolt = 1/c 
statvolt. 

As to the manner of giving the con- 
version factor, there is again a possi- 
bility for confusion. The column is 
headed 

l es.u. unit = N e.m.u. unit 
and the factor N is then in the column 
below. It is believed that such a state- 
ment offers no ambiguity. It can also 
be read, “To convert from e.s.u. units 
to e.m.u. units, multiply by N.” 


Bibliography 


W. M. Hall, The Formation of Systems 
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stitute, Feb. 1938, p. 197. 
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ing, Feb. 1939, p. 78. 

E. C. Crittenden, Revision of Electrical 
Units, Electrical Engineering, April 
1940, p. 160. 

G. E. M. Jauncey & A. S. Langsdorf, 
MKS Units & Dimensions, Macmillan. 

O. W. Eshbach, Handbook of Engineer- 
ing Fundamentals, Section 3, Physical 
Units and Standards by Ernst Weber. 
John Wiley & Sons. 

E. G, Cullwick, The Fundamentals of 
Electromagnetism, Macmillan. Pro- 
logue, Appendix I. 

A. O’Rahilly, Electromagnetics, Long- 
mans Green. Ch. XIV and XV. 

H. Pender and S. R. Warren, Electric 
Circuits and Fields, McGraw-Hill 
Publishing Co. (Uses MKS sub- 
rationalized units throughout). 

H. K. Skilling, Fundamentals of Elec- 
tric Waves, John Wiley and Sons. 
(Uses Gaussian units). 





WAVE GUIDE 
IMPEDANCE 


[Continued from page 23] 


in accordance with our boundary con- 
dition number 4, a charge must be pres- 
ent on that surface with a density equal 
to eE, = 8.85 X 1071? E,. The charge, 
in accordance with our present ap- 
proximation, then moves along the 
guide with the velocity of light given 
by C =8 X 10" and, hence, corre- 
sponds to a current density of 
8 X 885 X 10°? K 10° E, = Ce E. 
By the boundary condition of rule 3, it 
follows that the magnetic field at that 
point must be H, = CeE, and the im- 
pedance given by E,/H, = 1/eC. Be- 
cause it is well known that 
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ag 
: 


it may be stated equally well that the 
impedance of free space is given by 


V w/e 
In the actual case of the TE, mode 
in a rectangular wave guide, the # 
field is somewhat larger. The corte. 
tion factor, as we wish to say it, due 
to a stronger magnetic field to accoun 


for the longitudinal component or to 
lower velocity of propagation, is 


1 





v1— (4o/2b)* 
Thus the specific impedance is 
Viaje 
V1 — (ho/2b)* 


It is interesting to note that this ex. 
pression is independent of the narrow 
dimension of the wave guide. This 
corresponds to the fact that no energy 
flows crosswise of the pipe in that di- 
rection as we have pointed out. In 
the other dimension of the guide there 
is a crosswise energy flow (which may 
cancel out at the surfaces) so the im. 
pedance is affected. 

This impedance is said to be a spe- 
cific impedance, analogous to a nota- 
tion used in acoustics, because still an- 
other condition must be added before 
an overall impedance applicable to the 
joining of two wave guide sections of 
different size can be written down. 
The condition is that when flow takes 
place from a guide of one size to that 
of another, as shown in Fig. 7, it isa 
sort of total amount of electric and 
magnetic flux which must join at the 
junction if there is to be no reflection 
with an attendant standing wave to 
indicate a mismatch. Another way of 
saying this is that the charge and cur- 
rent on the wider wall of the guide 
must join smoothly at the junction 
Now, E alone does not tell about the 
amount of charge present, since a given 
E may be obtained by a little charge 
on closely spaced plates or by more 
charge on plates further apart. The 
quantity in which we are really inter 
ested is aE, where a is the narrow dt 
mension of the guide. Likewise, it § 
bH that requires the currents to b 
continuous at the junction. Thus 
finally, the impedance of a rectangulat 
wave guide in the TE, mode may be 
given as 





aE/bH = (a/b) (4#/e)/V1— (Ae/2b)* 


This impedance is often called the cut 
rent impedance since it is the specifice 
tion necessary to cause the curretl 
flowing in the wide side of the guide 
to be continuous. 
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dition adapt it even better than ever before for war-training and general use; contains 
the simplest possible language; added test equipment which can be 
d a review of mathematics for solving simple radio problems. 


Elsewhere, $2.25 
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TECHNICANA 


[Continued from page 64] 


troposphere. Refraction takes place 
because the dielectric constant of the 
air varies with altitude along with 
pressure, temperature and vapor con- 
tent. Thus the rays which travel from 
the transmitting station at angles 
slightly above the horizontal can be 
bent and returned to earth beyond the 
horizon. At frequencies near 50 mc 
the working range is thereby extended 
beyond the optical range 11% times. 

Discontinuities in the atmosphere, 
due to boundaries between air masses 
of different temperature cause reflec- 
tions and may cause fading as well 
as accidental reception at greater dis- 
tances, 

In conclusion, it is felt that the best 
frequencies are above 50 mc and that 
very much higher frequencies may in- 
troduce difficulties due to the reflec- 
tions from buildings and hills. 





NEW OSCILLOGRAPH 


To facilitate the investigation of trans- 
ient as well as recurrent phenomena over 
a wide frequency range, Allen B. du Mont 
Laboratories, Inc., Passaic, N. J., announce 
their new Type 247 Oscillograph. 

This instrument utilizes the new Type 
5CP1 cathode-ray tube with intensifier 
electrode, operated at an overall accelerat- 
ing potential of 3000 v. High-intensiiy 


patterns are obtained on the 5” diameter 
The medium-persistence 


screen. green 





screen is standard. If a permanent record 
of transient phenomena is required, the in- 
strument may be supplied with short-per- 
sistence blue screen for high-speed photo- 
graphic recording, or with the long-per- 
sistence green screen for visual observa- 
tion of low-speed phenomena. 

The sweep frequency range has been ex- 
tended down to one-half cycle per second 
providing a wider range of sweep opera- 
tion. Thus it may be used for observa- 
tions on low-speed machinery and for 
other low-frequency functions. The time- 
base provides recurrent, single or repetitive 
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sweep operation. An unusual beam control 
circuit is used with single sweep opera- 
tion, to darken the screen except during 
the actual sweep cycle, providing a reduc- 
tion of background illumination and re- 
sulting in photographs of greater contrast. 
Exceptionally uniform response over a 
very wide frequency range for both the 
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vertical and horizontal axes; a distortion- 
less, continuously-variable low-impedance 
attenuator or gain control; a Z amplifier 
channel for applying external timing signal 
to the grid of the modulating electrode; 
and other features and refinements, mark 
this instrument. Dimensions: 14” w., 19” 
h., 26" d. Weight 130 Ibs. 
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N peace, the Nation’s debt to the radio 

amateur was great. During hurri- 
canes, floods, and other disasters, he 
sprang forward with emergency com- 
munications. His endless hours of pa- 
tient experimentation—particularly on 
the high and ultrahigh frequencies— 
helped open up, as if by magic, whole 
new segments of the radio spectrum. 
Traffic enthusiasts surprised the people 
with unselfish service; DX hounds 
fostered international good will. 

In this ‘‘radio’’ war, the ‘‘ham,’’ along 
with the professional, became the back- 
bone around which the Services and war 
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plants built the myriad, complex com- 
munications systems of war, and the 
secret electronic weapons. He has trained 
and inspired the new recruits—the tens 
of thousands of potential ‘‘hams.”’ 
Hytron, especially, owes much to the 
radio amateur. When he entered the 
Services and war plants, he took with 
him a knowledge of Hytron tubes— 
particularly v-h-f types—and an admi- 
ration for them.Through his enthusiasm, 
these tubes became vital parts of war 
equipment. When the time comes to 
speak out for the return of his precious 
frequencies, Hytron will not forget him. 


BUY 
ANOTHER 
WAR BOND 





















LATEST...-.MOST COMPLETE DATA On 


INERTEEN CAPACITORS 


FOR J7.( circuits IN ELECTRONIC EQUIPMEN; 











Every engineer, designer and technical mancon- It will bring you up to date on capacitor 
cerned with developing high-performance elec- advancements, and provide dimension data for 


tronic equipment for war or postwar use should designing of equipment. 

have this booklet handy. It’s packed with fresh Includes ratings from 400 volts to 250,000 
facts and data on Westinghouse D-C Inerteen volts D-C. 

Capacitors and their application. Essentially, it To make sure that a copy reaches your desk 
is a guide to the selection and use of capacitors without delay, use the coupon to reserve your 
for any D-C applications in communications, copy. Westinghouse Electric & Manufactering 
electronics or related fields. Co., East Pittsburgh, Pa., Dept. 7-N. 
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